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Introduction 

Water quality refers to the condition of the water, including its chemical, physical, biological, 

and radiological characteristics. It is a measure of the condition of the water relative to the 

requirements of one or more biotic species and/or to any human need or its suitability for a 

particular purpose. The Clean Water Act (RA 9275) defines water quality as the characteristics 

of water which defines its use in terms of physical, chemical, biological, bacteriological, or 

radiological characteristics by which the acceptability of water is evaluated. 

Degradation of the water quality of Manila Bay is highly accounted over decades of increasing 

untreated discharges from domestic and industrial sources, as well as urban and agricultural 

run-offs. Other marine activities such as waste and ballast water dumping attributed to the 

current pollution load of Manila Bay waters. 

Several legislations were already in place. As mentioned, the Philippine Clean Water Act 

serves as the basis in assessment, monitoring and institutional compliance on environmental 

waters. Key administrative orders serve as its Implementing Rules and Regulation (IRR) 

including the Department of Environment and Natural Resources Administrative Order 2016-

08 (DAO 2016-08). In this DAO, the basis on classification of environmental waters based on 

parameters and intended usages were summarized. Other relevant legislations were passed 

regarding the water quality of the country includes Oil Pollution Compensation Act (RA 9483) 

and the Environmental Impact System (PD 1586). 

For Manila Bay, in particular, the Supreme Court of the Philippines issued a mandamus order 

on 2008 directing national government agencies (NGAs) and LGUs to achieve a Class SB 

(recreational waters) status of the Manila Bay waters based on DENR water quality 

classification scheme.  

In achieving sustainable development of Manila Bay, the Reduce Pollution Load (RPL) was 

considered as one of the priority measures under the Manila Bay Sustainable Development 

Masterplan (MBSDMP). This measure aims to draft all the ongoing and future programs, 

activities, and projects (PAPs) necessary to be implemented to lessen pollution loading in the 

bay. Salient PAPs indicated on the measure includes improvement of compliance to general 

effluent standards, and establishment of Manila Bay water quality decision support system. In 

both of these PAPs, baseline information on current water quality status of the bay is crucial 

to show trends on the situation and assess future steps to be carried out in reduction of Manila 

Bay pollution load.  
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Objectives 

This study then aims to give a complete picture of the current water quality of the Manila Bay 

using the primary parameters for ambient waters indicated in the DAO 2016-08 in relation with 

the objective of the Mandamus ruling to make Manila Bay water quality qualified for Class SB. 

Specifically, this study aims to: 

1. Determine water quality of identified sampling points 

2. Create an interpolated water quality map of the entire Manila Bay using the water 

quality of sampling points identified 

Scope and Limitations 

The study is limited to wet season. The pandemic setup also does not reflect all existing 

economic activities that may affect the water quality of the bay since many establishments are 

closed or not in their full operations. Navigation are also affected by the quarantine protocols, 

hence lesser activities in the ports compared to post-pandemic scenarios.  
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Methodology 

Site Selection 

Stations were selected to cover the entire Manila Bay coastal and offshore waters. For the 

coastal waters, stations were selected based on their proximity to outfalls of the Manila Bay 

Basin. Offshore stations were selected using a 10km x 10km grid covering the Bay’s central 

portion. Additional offshore stations were included to include the existing water quality 

assessment points of Environmental Management Bureau (EMB) of DENR. Other offshore 

stations were also added to represent coves within Manila Bay including coves like Mariveles, 

Pampanga and Bacoor. A total of 81 stations were determined to represent the entire Manila 

Bay. 

 

Sample Collection 

 

A grab sample of surface water 

of each stations per site were 

conducted from 0900H to 

1600H, provided that no rainfall 

was recorded in the area for the 

past 24 hours. Table 

summarizes the date of 

collection of the samples. 

 

 

 

 

 

Grab sample were shipped to the laboratory and were sealed whilst in transit in compliance 

with the DENR Water Quality Monitoring Guidelines. Surface waters were assessed. 

October 28, 2020 Hermosa to Balanga, Bataan 

Maragondon to Rosario, Cavite 

October 30, 2020 Orion to Mariveles, Bataan 

November 5, 2020 Lubao to Masantol, Pampanga 

Cavite City, Cavite to Las 

Pinas, Metro Manila 

November 7, 2020 Hagonoy to Malolos, Bulacan 
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Collection were done 

on depth of 0.5m. 

Guidelines on wadable 

water sampling 

collection were done 

on coastal areas. 

Specific bottles for 

each test were 

prepared in 

compliance with the 

laboratory procedures 

in handling the 

samples. 

 

 

 

  

Parameter Identification 

Primary water quality physicochemical parameters were measured. Dissolved Oxygen (DO) 

and pH were measured onsite using handheld water quality meters. Color, Biological Oxygen 

Demand (BOD), Nitrate, Chloride and Phosphate were analyzed on laboratory set-up. For E. 

coli and fecal coliform, the bacteriological analyses were conducted using Multiple Tube 

Fermentation Test (MTFT).  

 

The values of each primary parameter indicated in DAO 2016-08 were used as the standard 

for assessing the water quality of the stations. Class SB (recreational waters) is the target of 

all agencies concerned with the Manila Bay clean-up based on the 2008 Mandamus Order. 

The list of the values per seawater class were listed on Table 1. 

Table 1. Water quality parameters on marine waters indicated in DAO 2016-08 

Parameter Unit Marine Water 
(Class SA) 

Marine Water 
(Class SB) 

Marine Water 
(Class SC) 

Marine Water 
(Class SD) 

Fecal coliform MPN/100mL <1.1 100 200 400 

E. coli MPN/100mL NA NA NA NA 

pH  7.0-8.5 7.0-8.5 6.5-8.5 6.0-9.0 

Color TCU 5 50 75 120 

Biological Oxygen 
Demand 

mg/L NA NA NA NA 

Total Suspended 
Solids 

mg/L 25 50 80 110 

Chloride mg/L     

Nitrate mg/L 10 10 10 15 

Phosphate mg/L 0.1 0.5 0.5 5 

 

Additional parameters not indicated on the DAO 2016-08 were included. Total Escherichia 
coli count were determined to give more specific insights on what portion of the bay does 
this mammal-specific coliform thrive. This can give more specific information about the 
bacterial loading of the seawater that came from the septage and sewerage system around 
the bay. Chloride content were also analyzed. While it is expected for seawater to have high 
chloride ion contents because of its salinity, chlorinated pesticides, chlorinated water 
discharges and other cleaning compounds alter the chlorine composition of the bay, thus 
chloride content were included in the study.  
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Results 

Manila Bay Mouth 

This area is the most exterior portion of the bay. This includes the Mariveles Bay area, 

Corregidor and Caballo islands and portions of Maragondon and Ternate in Cavite. The 

Mariveles Bay is characterized by numerous built-up areas of the town proper; it is also a site 

of several coal powerplants. Ternate and Maragondon areas are characterized by steep 

slopes and most built-up areas are limited only near Ternate town proper. Corregidor and 

Caballo islands are in the middle of the bay’s mouth. No built-up areas were located on both 

islands, aside from several tourist facilities in Corregidor. This entire area is the bottleneck 

entrance of all the navigation lines of shipments going to and from Manila ports. 

Results from the assessment showed that four stations near the bay’s mouth did not meet the 

standard value for Class B waters. These areas are three sites in Mariveles, all located in 

Mariveles Bay near the town proper and one in site in Ternate (TERNATE 1) which is also 

near the coastal communities of the municipality. Mariveles 1 and Ternate 1 registered a fecal 

coliform value higher than 10-folds of the standard for Class SB. In terms of E. coli, Mariveles 

2 registered the highest value of of 700 MPN/100mL Ternate 1 also registered a lower DO of 

4 mg/L compared to the Class B standard of 6 mg/L. All other parameters for Class B waters 

were sufficed by all the stations in the Bay’s mouth. 

in the Bay’s mouth. 

Table 2. Results of the water quality assessment of areas in Manila Bay mouth 

 

Fecal 
coliform 

E. 
coli 

pH, 
onsite Color TSS DO Nitrate 

Phos-
phate 

Chlo-
ride BOD Temp 

STANDARD 
FOR CLASS 
SB 

100  7.0-
8.5 

5 50 6 10 0.5 NA NA 26-30 

Mariveles 1 1700 490 7.8 8 56 7 0.4 0.03 13900 2 30.2 

Mariveles 2 700 700 7.8 8 31 8 0.5 0.04 14600 4 30.3 

Mariveles 3 350 150 7.9 8 45 7 0.3 0.05 15100 3 30.3 

Ternate 1 1100 130 8.1 5 44 4 <0.017 0.04 18100 2 29.4 

Ternate 2 7.8 2 8 3 25 7 <0.017 0.02 18100 2 30.1 

Ternate 3-O <1.8 <1.8 8.1 3 18 6 0.3 0.03 17300 2 30.5 

Maragondon 
1 

4 2 8 3 <2.5 6 0.5 <0.0064 19100 1 29.8 

Corregidor 1 1.8 1.8 7.7 3 9 8 0.3 0.0064 17200 2 28 

Corregidor 2 1.8 1.8 7.8 3 5 8 0.8 0.0064 16400 1 28.3 

Eastern Bataan 

This area includes the municipal waters of the eastern portion of Bataan peninsula extending 

from northern town of Samal to the eastern side of Mariveles. Bulk of the population of the 

province is situated to this eastern coast. This area is characterized by a string of Bataan 

municipalities wherein fishing communities are abundant. Powerplants and oil refineries are 

also situated on the southern part, particularly in the towns of Limay and Mariveles.  

Fecal coliform content of most sites is above the standards for Class B waters. Only four 

stations have low fecal coliform content (MAR9 and LIM1-3). It must be noted that all areas 

assessed in Limay, including offshore and wadable waters satisfied the fecal coliform limits 

for Class B. Other than the four, all stations exceeded the limits, with Balanga station 

registering the highest MPU/100mL of 16,000, all of which are E. coli. This observed fecal 

coliform count is the highest among Bataan sites. 
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The station in Pilar (PIL1) is the only observed value that exceeds the TSS limits for Class SB. 

It registered a value of 76 mg/L as compared to the standard value of 50 mg/L. All other 

parameters for Class SB waters were met by the stations. 

Table 3. Results of the water quality assessment of the areas in eastern portion of Bataan 

 

Fecal 
coliform 

E. 
coli 

pH, 
onsite Color TSS DO Nitrate 

Phos-
phate 

Chlo-
ride BOD Temp 

STANDARD 
FOR CLASS SB 

100  7.0-
8.5 

50 50 6 10 0.5 NA NA 26-30 

Mariveles 6 130 130 8.2 8 18 8 0.6 0.07 13200 2 29 

Mariveles 7 350 130 8.2 8 14 8 0.6 0.02 13300 1 27.8 

Mariveles 9 4.5 4.5 8.2 8 15 8 0.7 0.02 11300 <1 29.4 

Limay 1 33 23 8 10 10 8 0.7 0.09 10200 1 28.2 

Limay 2 70 23 8.2 8 10 8 0.3 0.02 11200 1 29.2 

Limay 3 49 49 8 10 12 8 0.7 0.08 9540 1 28.2 

Orion 1 490 170 8 10 9 8 0.5 0.09 8840 1 28.2 

Orion 2 1300 330 7.9 10 12 8 0.6 0.1 8540 1 28.2 

Orion 3-O 540 220 7.9 10 11 1 0.8 0.09 8590 1 28 

Pilar 1 3500 270 7.7 10 76 7 0.6 0.008 10800 1 28.5 

Balanga 1 16000 16000 7.3 10 13 7 0.9 0.1 4360 1 27.4 

Abucay 1 2400 1600 7.6 10 18 7 0.7 0.1 7030 2 27.6 

Samal 1 2400 2400 7.8 15 13 8 0.6 0.2 4700 1 27.5 

Samal 2 2400 2400 7.5 20 15 6 0.8 0.2 4750 1 27.6 

Pampanga River Basin 

This area includes the delta where Pampanga river system, including its tributaries and other 

minor rivers systems drain. The area is characterized by a wide areas of aquaculture sites 

including fishponds and fish cages. Majority of mangrove ecosystems is also located in this 

area. This spans across the northern towns of Bataan (Orani and Hermosa), Pampanga 

coastal towns (Lubao, Masantol, Sasmuan and Macabebe); and municipalities of Bulacan 

(Paombong, Hagonoy, Malolos, and Bulakan). Patches of built-up areas where most fishing 

communities live are scattered along the coasts and riverine portions. Towards the inland 

portion of this area, portions of ricefields of Central Luzon is located. 

Table 4. Results of the water quality assessment of the areas in Pampanga River Basin 

 

Fecal 
coliform 

E. 
coli 

pH, 
onsite Color TSS DO Nitrate 

Phos-
phate 

Chlo-
ride BOD Temp 

STANDARD 
FOR CLASS SB 

100  7.0-
8.5 

50 50 6 10 0.5 NA NA 26-30 

Orani 1 1100 540 7.4 20 12 7 0.6 0.2 7370 1 27.5 

Hermosa 1 3500 1100 7.7 20 17 8 0.8 0.2 4360 1 27.6 

Lubao 1 9200 1300 7.4 40 66 6 0.5 0.6 593 7 29.5 

Sasmuan 1 3500 3500 7.4 25 84 6 0.7 0.3 502 2 28.4 

Masantol 1 2200 790 7.4 25 96 6 0.9 0.2 12 2 28.1 

Hagonoy 1 49 22 7.2 10 24 7 <0.017 0.1 10500 1 29.4 

Hagonoy 2 220 220 7.1 10 16 6 <0.017 0.1 12100 2 29.5 

Paombong 1 79 49 7.2 8 28 7 <0.017 0.04 16800 1 28.7 

Malolos 1 33 33 7 10 18 6 <0.017 0.08 14100 1 28.4 

Bulakan 1 17 13 7.8 3 15 6 0.2 0.05 19200 1 28.6 

Bulakan 2 2 2 7.8 3 6 6 0.3 0.06 16500 1 27.8 

 

Fecal coliform content in the Bataan (Orani and Hermosa) and Pampanga (Lubao, Sasmuan 

and Masantol) are above the Class SB value. All the values of the five stations were above 

1000 MPN/100mL. In Hermosa, Lubao and Sasmuan, E. coli concentration also exceeded 
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1000 MPN/100mL. In Bulacan, only one station in Hagonoy (HAG2) exceeded the allowable 

fecal coliform content for Class SB, with an MPN/100mL of 220. 

Exceedance to the standard TSS value were also observed in the areas of Pampanga. All 

stations in Lubao, Sasmuan and Masantol has higher TSS compared to 50mg/L of Class SB 

waters. It has to be noted that these are the areas where most of the tributaries of the 

Pampanga river system drain. 

Cavite Coastal Waters 

The southern portion of the Manila Bay includes the majority of the municipal waters of Cavite 

towns. The coastal areas of Cavite are characterized by dense population and significant 

number of economic activities including economic zones hosting big industries, and different 

resorts and casinos hosting tourism activities. Fishing communities are also thriving along the 

length of the coast. Towards the inland portion, more economic activities are located. 

Agricultural lands are also located on the upland portion of Cavite. 

Table 5. Results of the water quality assessment of the areas in Cavite 

 

Fecal 
coliform 

E. 
coli 

pH, 
onsite Color TSS DO Nitrate 

Phos-
phate 

Chlo-
ride BOD Temp 

STANDARD 
FOR CLASS SB 

100  7.0-
8.5 

50 50 6 10 0.5 NA NA 26-30 

Naic 1 3500 3500 8.1 5 78 6 0.5 0.06 17300 3 29.8 

Naic 2 22 21 8.1 3 16 6 0.1 0.02 18000 2 29.6 

Tanza 1 3500 700 8.2 5 18 5 0.6 0.05 17000 1 29.8 

Tanza 2 240 130 8.2 5 25 5 0.3 0.04 17800 2 29.8 

Tanza 3 490 490 8.2 5 19 6 0.3 0.05 17700 2 30.1 

Tanza 4 1700 1700 8.2 5 99 7 0.7 0.06 17200 2 29.4 

Rosario 1 920 540 8.2 5 25 5 0.5 0.04 17000 1 29.9 

Noveleta 1 3500 1700 8.2 5 20 6 0.5 0.06 17200 1 29.7 

Noveleta 2 430 230 8.2 5 16 5 0.3 0.06 17300 2 30.2 

Cavite 1 35000 4900 7.2 20 28 4 0.3 0.7 7260 6 28.6 

Cavite 2 790 130 7.4 10 12 6 0.3 0.2 11500 2 26.6 

Cavite 3 4900 300 7.2 3 32 4 0.6 0.05 18400 1 28.3 

Kawit 1-O 35000 35000 7.1 20 28 2 0.2 1.1 4280 7 27.9 

Kawti 2-O 2400 78 7.5 15 9 6 0.8 0.3 7660 2 27.3 

Bacoor 1 790 45 7.6 5 12 4 0.1 0.07 18100 3 28.8 

Bacoor 2 2400 2400 7.4 8 12 5 0.5 0.2 15600 2 28.7 

 

Only one station in Naic (NAI2) satisfied the fecal coliform content for Class SB. All other 

station registered exceedance to the allowable values. Two stations registered 35,000 

MPN/100mg one in Cavite City (Cav1) and Kawit (KAW2), both of which are located in Bacoor 

Bay. In Kawit, the recorded 35,000 fecal coliform were classified to be E. coli. 

Two stations also exceeded the Class SB standards for TSS, one in Naic (NAI1) and one in 

Tanza (TNZ4). Dissolved oxygen in two sites in Bacoor Bay were also lower than the Class 

SB standard, CAV1 in Cavite City and BAC1 in Bacoor registered a value of 4 mg/L, a notch 

lower than the standard value of 5 mg/L. Two stations in Bacoor Bay also exceeded the 

phosphate loading of Class SB water, CAV1 in Cavite City and KAW1 in Kawit. 
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Metro Manila 

The coast of Metro Manila is known to be the most disturbed portion of Manila Bay. The area 

hosts the biggest shipment facilities in the country and the busiest navigation lines. Outfalls 

from the Metro Manila and surrounding provinces pass through densely populated cities. This 

portion is also the catchment of Pasig River that drains Laguna de Bay bordering the provinces 

of Laguna and Rizal. 

Table 6. Results of the water quality assessment of the areas in Cavite 

 

 

Fecal 
coliform E. coli 

pH, 
onsite Color TSS DO Nitrate 

Phos-
phate 

Chlo-
ride BOD Temp 

STANDARD 
FOR CLASS SB 

100  7.0-
8.5 

50 50 6 10 0.5 NA NA 26-30 

Las Pinas 1 24000 1300 7.7 5 37 4 0.02 0.1 17300 2 28.6 

Paranaque 1 4 1.8 7.5 3 11 8 0.8 0.08 17900 1 28.7 

Paranaque 2 48 25 7.7 3 5 6 0.7 0.05 20000 2 28.5 

Paranaque 3 1700 700 7.7 3 7 7 0.5 0.03 17335 0 28.8 

Pasay 1 20 13 7.8 3 10 7 0.5 0.02 16800 2 28.5 

Pasay 2 6.8 4 7.7 3 6 7 0.6 0.02 18600 1 28.5 

Pasay 3 17 4.5 7.6 3 10 7 0.3 0.04 17500 1 28.5 

Manila 1 22 4.5 7.6 3 4 7 0.4 0.04 18800 1 28.4 

Manila 2 350 130 7.6 3 5 7 0.6 0.04 19800 1 28.9 

Manila 3 700 300 7.5 3 2.38 7 0.4 0.06 19900 2 28.7 

Manila 4 920 46 7.6 3 9 6 0.4 0.05 18600 0 28.9 

Manila 5 130 34 7.6 3 13 2 0.1 0.1 18400 3 29 

Manila 6 240 130 8 5 17 6 0.2 0.04 18200 4 27.8 

Manila 7 240000 240,000 7.8 5 49 4 0.4 0.08 16000 2 29.4 

Navotas 1 17 13 7.8 3 14 5 0.2 0.08 18500 1 28.5 

Navotas 2 2400000 2,400,000 7.8 3 18 6 0.5 0.05 18400 3 27.8 

 
Results showed that majority of the stations in Metro Manila failed in terms of fecal coliform 
content. The highest coliform content recorded in the survey was in Navotas 2, a station 
located in the old port area, bordering the City of Manila where the most probable number 
(MPN) of coliforms reached 2 Million mark. Among the seven (7) stations assessed in the City 
of Manila, only Manila 1 recorded fecal coliform content of less than 100 MPN. Las Piñas and 
Parañaque also registered stations exceeding the standard. Only Pasay recorded stations that 
are all below the fecal coliform content limits of Class SB. 
 
Exceedance on Dissolved Oxygen (DO) content were limited on two stations in Manila (MAN5 
and MAN7). All other parameters were satisfied by the samples. 
 

Offshore Stations 

Stations scattered in the middle of the bay where also assessed. These offshore stations were 
studied to see the gradients of parameters across the totality of the bay and to have a bigger 
picture of the actual water quality of the entire bay area. Several pre-identified stations were 
not assessed due to harsh sea conditions and voyage towards those points were deemed 
unsafe by the Philippine Coast Guard. 
 

Table 7. Results of the water quality assessment of the areas in Cavite 

 

 

Fecal 
coliform E. coli 

pH, 
onsite Color TSS DO Nitrate 

Phos-
phate 

Chlo-
ride BOD Temp 

STANDARD 
FOR CLASS SB 

100  7.0-
8.5 

50 50 6 10 0.5 NA NA 26-30 

Offshore2 1.8 1.8 7.9 5 13 7 0.017 0.01 18300 1 28.1 
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Fecal 
coliform E. coli 

pH, 
onsite Color TSS DO Nitrate 

Phos-
phate 

Chlo-
ride BOD Temp 

Offshore3 1.8 1.8 7.8 5 18 6 0.2 0.05 1580 2 28.9 

Offshore4 1.8 1.8 8 3 15 8 0.017 0.008 18000 2 27.5 

Offshore5 1.8 1.8 7.9 3 7 5 0.3 0.04 19000 1 28.9 

Offshore6 1.8 1.8 7.9 3 10 5 0.3 0.04 19700 1 28.8 

Offshore7 1.8 1.8 7.8 3 14 6 0.1 0.03 19400 1 28.1 

Offshore10 22 22 7.7 3 11 7 0.4 0.02 18900 1 27.9 

Offshore 13 17 14 7.7 3 8 8 0.8 0.0064 18800 1 28.7 

Offshore 14 26 21 7.6 3 19 7 0.5 0.02 17900 1 28.7 

Offshore 15 26 21 7.6 3 19 7 0.5 0.02 17900 1 28.1 

Offshore17 9,200 9,200 7.5 3 5 5 0.2 0.3 18400 2 28.6 

Offshore 18 2 2 7.7 3 1 7 0.08 0.0064 17300 1 28 

 
The only exceedance in fecal coliform was in Offshore17. This is the station nearest to the 
Manila Area. During the assessment, it was observed that numerous ships, particularly 
cargo and cruise ships were anchored up into this offshore area. The heavy port traffic due 
to travel restrictions due to the pandemic made the ports full, thus anchorage was done even 
on the offshore portions of the bay. Dissolved oxygen content of Offshore17 were also below 
the Class SB standards, as well as Offshore5 and 6. All other parameters were satisfied by 
the stations. 
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Discussion 

Coliform Content 

Coliforms, in general, may appear in any type of environment. It is a wide group of bacteria 

that thrive naturally in the soil, vegetation and even on fresh and saltwaters. However, some 

coliforms are known to thrive only on intestinal tracts of mammals, including humans. These 

are the fecal coliform, that often thrive in the environment only through fecal matter 

transmission into the environment. 

 

Figure 1. Comparison of fecal coliform content of assessed stations. 

Total fecal coliform content is the major pollution loading that makes majority of the assessed 

site inadequate for Class SB classification. Fecal coliform content is a direct result of 

inadequate sanitation of wastewaters leading out to the sea. Escherichia coli is one of the 

most common species of fecal coliform from the intestinal tract that often contaminate 

environmental waters. Several strains of E. coli are known to be harmful if ingested by 

humans. The presence of these coliforms may also indicate high possibility that other bacterial 

or viral strains are present in the seawater. 

In cleaning up the Manila Bay waters, bacteriological loading of the water is one of the major 

concern needed to address. Bacterial count of several sites, particularly those proximal to 

urban centers even outside NCR such as Balanga City surpassing the standards by 15-folds. 

Kawit and Cavite City surpassed the standard by more than 30-folds. 

Metropolitan Manila, Particularly Navotas and the City of Manila still has a very high fecal and 

E. coli content, suggesting that sewerage and septage management on the county’s capital 

region must be improved. On this assessment alone, a very low count of coliform was recorded 

only in Pasay and some Parañaque area. However, it must be noted that some stations are 

about 800 meters from the coast, due to the logistical limitation of the boat that was used. This 

indicates that even on waters that are not proximal to the coastline, fecal coliform still thrives.  

Geographic comparison of fecal coliform and E.coli content of the assessed areas is on Fig 2. 

Map showed that there is a minimal difference on the fecal and E. coli content. Almost identical 

values of the results of these tests means that the fecal coliform content is actually from the 

mammalian fecal matters, including humans. Fecal coliform content reaching the offshore 

areas, particularly OFF17 can be accounted to ship waste that were anchored on the areas 

underscoring the  possible occurrence of offshore pollutants. 
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Figure 2. Fecal coliform and E. coli content of the assessed stations. 

 

pH 

pH is a scale of assessing acidity or basicity of a certain material. In marine environments, pH 

highly affects growth of organisms. Certain levels of pH is not tolerable for some organisms to 

thrive and extreme value may even endanger humans. 

Alteration of pH is caused by a multitude of factors. Pollution loading can affect the pH of 

water, depending on the type and concentration of pollutants. Climate change also affects 

seawater as evident findings showed rapid ocean acidification. In general, the mean ocean 

pH is 8.1, however, accumulation of excess carbon dioxide in the atmosphere lowers this 

value, hence the acidification of global sea waters. 

In DAO 2016-08, the allowable pH for Class SB waters is 7.0-8.5. This value is neutral to 

slightly basic. Results from the assessment showed that all stations complied to the said 

standard. Southern portions of Bataan including several points in Mariveles and Limay 

registered the most basic pH with 8.2. Same values were also observed on the Cavite 

municipal waters of Tanza, Rosario and Noveleta. The lower bound of the suggested pH of 

Class SB water is observed in Malolos, it is also the lowest pH of all the assessed sites. Nearby 

stations of Hagonoy and Paombong also registered the lowest pH. This is can be highly 

accounted to the more estuarine waters of the said stations given their proximity to the river 

tributaries of Pampanga river basin. All Pampanga stations (Masantol Lubao, Sasmuan) are 

among the stations with lowest pH of less than 7.5. 
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Figure 3. pH of the assessed stations. 

 

Figure 4. Geographic illustration of pH variations. All values recorded are within the acceptable range of Class SB 
water's pH. 

Color 

Visual Comparison Method was done to assess the True Color Unit (TCU) of assessed 

stations. In DAO 2016-08, the TCU value for Class SB waters is 50. This value reflects the 

dilution factor used to match the color of the water sample to the standard platinum-cobalt 

concentration. Water’s TCU is also highly affected by pH. 

No exceedance in Class SB TCU value were recorded among the stations assessed. Lubao 

(LUB1) has the highest TCU unit of 40.  

It has to be noted that TCU only accounts to the “true color” after suspended materials causing 

turbidity of the water is removed, thus, it does not represent the apparent color seen in the 

environmental waters. Ambient waters, particularly marine waters, are also prone to color 

changes. Amount of rainfall, effluent discharges and biological activities may also alter the 

color of the water. 
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Figure 5. True Color Unit (TCU) of the assessed station. 

 

Figure 6. Geographic illustration of the water's True Color Unit (TCU), significant variation on Lubao and Bacoor 
Bay Stations are observed but all are within the acceptable range of Class SB waters. 

Total Suspended Solids 

Total suspended solids (TSS) are defined as solids in water that can be trapped by a filter 

(Ahmad Fauzi Ismail, 2019). It is a measure of the dry weight of the solids that are not 

dissolved in the water. Sources of TSS are mostly by-products of biological processes of 

animals, plants and algae. Other source may be insoluble sediments from effluent discharges, 

surface runoffs, and from the bottom of the waterbody. 

One of the major indicators of TSS in a water body is the possible sedimentation. In the case 

of Manila Bay, sedimentation is highly attributed to surface run-offs and its major effluents. 

There is a varied sedimentation rate recorded across different portions of Manila Bay but 
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studies suggested that recent years recorded heavy sedimentation of 3cm in the northeastern 

portion and 1cm/year in central and southern portion (Opinion, 2017). 

TSS can give further information in the amount of sedimentation that may alter the state of 

Manila Bay. In DAO 2016-08, the standard TSS value for Class SB is 50 mg/L. Based on the 

result of the assessment, several stations registered exceedance to the said standard. 

  

Figure 7. Total Suspended Solids (TSS) expressed in mg/L of the assessed sites. Orange line indicates the 
standard value indicated in DAO 2016-08. 

As shown in the figure, all stations in Pampanga (Masantol 1, Lubao 1, Sasmuan 1), two in 

Bataan (Pilar 1 and Mariveles 1), and two in Cavite (Tanza 4 and Naic 1) exceeded the 

standard 50mg/L value for TSS under Class SB waters. Both Tanza 4 and Naic 1 are 

located proximal to Naic River. All Pampanga stations are nearby the western tributaries of 

Pampanga River basin. Based on visual observation during the assessment, the station in 

Pilar (PIL1) in Bataan is situated in silty waters in the eastern portion of the peninsula, while 

Mariveles (Mariveles 1) is also situated near a creek running across the municipal town 

proper. The lowest value for TSS is located in the southern portion of Maragondon (MAR1). 

This station is in the mouth of the bay and no outfalls are nearby. 
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Figure 8. Total Suspended Solids (TSS) in areas of Tanza, Cavite and estuarine waters of Pampanga showed 
higher values than the Class SB standards. 

Nutrient Loading 

Nutrient pollution is the deposition of excess nutrients such as Nitrate and Phosphate into a 

body of water. Effluents and surface runoffs carrying nutrients from agricultural, domestic and 

industrial sources deposit these compounds to the water body. 

One of the major effects of the nutrient pollution is eutrophication. This occurs when excessive 

nutrient caused too much growth of plants/animals/microbial species in the water causing high 

demand for oxygen and eventually depleting the oxygen supply of the marine ecosystem. 

Cases of algal bloom are linked to this phenomenon. 

Nitrate and Phosphate are the two main chemicals being monitored for their tendency to cause 

nutrient pollution. Nitrates are usually found on fertilizers used in agriculture, and even in fish 

feeds. Phosphate are major components of bleaches and detergents usually found in domestic 

and industrial sources. 

In the Class SB classification of DAO 2016-08, the maximum nitrate composition of the 

seawater must not exceed 10 mg/L. All stations assessed satisfied the said standard, and all 

fall below 1 mg/L nitrate composition. The highest value of 0.9 mg/L is recorded in both 

Balanga and Masantol stations. 
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Figure 9. Nitrate concentration (mg/L) of the assessed site in comparison with the Class SB standard. 

One important consideration in nutrient load, particularly in nitrogen, is the occurrence of this 

element in different compound. Primary parameters under DAO 2016-08 only considered the 

Nitrate (NO3-N) form of Nitrogen, however, Nitrogen can be deposited in the water body in 

other forms such as Ammonia (NH3) and Nitrite (NO2-). In other studies conducted in Manila 

Bay, low levels compared to Class SB standards were also found, but its concentration 

varies if outfall waters, fishponds and fishcages were also assessed (Opinon, Perelonia, 

Abendanio, & Cambia, 2017). 

In terms of Phosphate, the standard value must not exceed 0.5 mg/L. Results showed that 

there are several outlier stations reflecting exceedance to the said standard. Two stations in 

Cavite (CAV1 and KAW1) exceeded the standard. Both of which are located in Bacoor Bay. 

One station in Pampanga exceeded the standard. Lubao station (LUB1) registered 

phosphate content of 0.6 mg/L. The rest of the stations registered lower Phosphate content 

compared with the standard. As discussed, phosphate load is highly suspected to have been 

caused by bleaches and detergent sources from runoffs and effluents. Areas with notable 

exceedance must review existing environmental protocols that might be violated causing 

such Phosphate content spike. 
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Figure 10. Phosphate concentration (mg/L) of the assessed sites in comparison with the Class SB standard. 

 

 

Figure 11. Nutrient loading (Left: Nitrate, Right: Phosphate) of assessed stations. All Nitrate levels are within the 
Class SB Standards. While three stations exceeded the Phosphate standards, Lubao 1, Cavite City 1 and Kawit 

1, with Kawit1 doubling the allowable value of 0.5 mg/L. 

Chlorine 

Chloride composition of seawater is generally high because of the presence of these ions in 

the salt making up the salinity of water bodies. It is not included in DAO 2016-08 primary 

parameters to be assessed on sea waters. However, characterization of chloride content of 

the seawater will give an overall view on what areas of the bay are high concentrations of 

these ions are located. 
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In general, the mean seawater chloride content is at 19,000 mg/L, while lower values are 

expected in estuarines where chloride concetration may range from 500 to 5,000 mg/L 

(source). During the assessment, the highest chloride ion content was recorded in 

Maragondon (MAR1) with 19,100 mg/L. Lowest values are all situated in Pampanga (MAS1, 

LUB1, SAS1), all are areas proximal to the delta. 

Chloride content information is seldom considered in research since it is expected to be high 

on seawaters. However, chloride pollution also posed apparent risk to organisms thriving in 

the bay. Excess chloride may damage gills of younger fishes and may kill smaller crustaceans. 

Chloride is also a component of different wastewaters draining into the bay. Pesticides and 

water softeners used in treating wastewaters are known sources of chloride. In early 2020, 

discoloration of Manila Bay along the Roxas Boulevard coast in Manila was observed. Several 

hypotheses were made by authorities as to what is the causative agent of the discoloration. 

Although still unverified, one of the reasons being studied is the unregulated dumping of 

chlorinated water in the area (GMA Network, 2020).  
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Figure 12. Variations on chloride concentration of the assessed sites. 

Dissolved Oxygen and Biological Oxygen Demand 

Dissolved oxygen (DO) is the amount of oxygen in aquatic and marine ecosystem that is 

available for consumption for organisms It is measured onsite using Winkler/Titrimetric 

method. DO is an indicator on the viability of the marine ecosystem to support living 

organisms. It is a crucial parameter to be assessed, particularly in terms of studying a 

waterbody’s capacity to support fisheries. Depleting DO is highly accounted to excess 

organisms consuming the oxygen, or rapid decomposition that also uses up oxygen. As 

previously mentioned, eutrophication is one of the drivers of such scenario. 

 

Figure 13. DO levels of assessed sites in comparison with the Class SB Standards. 

Based on the Class SB standard, seawater bodies must have a minimum of 6 mg/L of DO. 

Based on the results, there are several stations that did not meet this standard. One station in 

Orion, Bataan (ORI3) registered the lowest DO of 1 mg/L only. Another station with low DO is 

in Kawit (KAW1). This station in Kawit, Cavite (KAW1) is also the same station with one of the 

highest fecal coliform and phosphate content recorded. 
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Figure 14. Comparison of BOD levels of the assessed sites. 

Biological Oxygen Demand (BOD) is the amount of dissolved oxygen needed by aerobic 

biological organisms to break down organic material present in a given water sample at certain 

temperature over a specific time period (Li & Liu, 2019). DO is the measure on the amount of 

Oxygen present, while BOD is the amount of Oxygen needed by the organisms in the water 

to survive. BOD is then a measure on the extent of aerobic organisms thriving on the 

waterbody. High BOD can also mean that there is too much organic materials decomposing 

in the area since decomposition is also a process consuming oxygen. The mentioned nutrient 

loading causing massive proliferation of organisms such as algae can cause a very high BOD 

relative to the available DO level in the waterbody. This condition wherein the demand for 

oxygen is higher than what is available may cause death even to larger organisms such as 

fishes, inducing fish kills. 

Based on the assessment, BOD is highest in the areas of Lubao (LUB1), Cavite City (CAV1) 

and Kawit (KAW1). This is also the same sites with the highest phosphate content recorded. 

No standard value for BOD was specified in DAO 2016-08, however, global seawaters, 

particularly offshore waters are known to have low BOD values of 2 mg/L because of lesser 
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organic matters compared to freshwater and ecosystems near the foreshore (Simon, Ywann, 

Guastalli, Llorens, & Baig, 2011). 

 

Figure 15. DO and BOD levels of the assessed stations. 

Temperature 

Water temperature is crucial in the bay’s ability to sustain coastal and marine ecosystems. 

Several coral species require certain ambient water temperature to thrive. Fish migration and 

breeding is also affected by water temperature. In the Class SB, allowable temperature is at 

26-30OC. Surrounding air temperature is also accounted, thus deviation of 10% on the bounds 

of the said range can still be accepted. 

 

Figure 16. Comparison of the temperature of the assessed sites. 

The Manila Bay mouth area has the highest water temperature assessed. This may be due to 

the water mixing from open West Philippine Sea and its relative distance away from colder 

water from freshwater outfalls of Pampanga Basin and Metro Manila esteros. The data on 

water temperature is crucial to be monitored considering the global occurrence of ocean 

warming. According to the report of International Panel for Climate Change (IPCC, 2013), the 

global sea waters heated up for 0.09 to 0.13 OC per decade for the past 40 years. 
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Figure 17. Temperature of the assessed stations. 

Conclusion and Recommendations 

The results of the water quality assessment showed highly problematic state of the sampled 

portions of Manila bay particularly on fecal pollution loading with only 34 out of the 81 sampled 

stations are compliant with the Class SB target of mandamus agencies. With the additional 

tests on E. coli, it was further confirmed that majority of these fecal coliform content are from 

human and animal wastes. It is further alarming to note that several points exceeded the fecal 

coliform content standard for over hundred folds. 

Of the sampled sites, emphasis must be given to the Cavite City-Kawit-Bacoor-Las Piñas area 

where several stations like KAW1 and CAV1 recorded the highest exceedance in several 

parameters other than fecal coliform content. The exceedance in phosphate, and relatively 

high BOD, and low DO content may indicate nutrient pollution in the area. During the 

assessment, it was observed that these areas are also sites wherein aquaculture practices 

like fish cages and shellfish farms are located. There is a big tendency that high phosphate 

content may lead to further eutrophication of the area. This can further trigger chain of 

scenarios like the occurrence of harmful algal blooms (HABs) more commonly known as red 

tide. This is the case wherein the algal species producing toxins can multiply into large 

numbers and their toxins may reach unsafe levels when accumulated to the fishes and 

shellfishes in the aquaculture sector in the area. Further, decomposition of the organic 

materials may increase BOD, thus limiting the DO content of the waters and then suffocating 

the fishes in the area. This is one of the leading causes that triggers fish kills.  

These areas in Cavite are all located within or nearby Bacoor Bay, a subset of Manila Bay. 

Because of the characteristic enclosure of the area, there is high probability that there is a 

catchment phenomenon happening in the site wherein pollution load is contained and 

deposited in volumes in the area. The proximity of the area to highly-densed population of 

Cavite and Southern portion of Metro Manila also makes the Bacoor Bay more susceptible to 

pollution loading. 

The ambient waters of Metro Manila remain contaminated by fecal coliform. The highest 

recorded coliform content in Navotas-Manila area suggests that improper treatments of 

wastewater is still occurring. The high coliform content that even reach one of the offshore 

stations (OFF17) suggests that coliform contamination may not be accounted to the pollution 
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load carried by the outfalls only, but rather, it may also be accounted to the pollutants 

generated offshore, including the wastewater of shipping vessels along the navigation lanes 

and designated docking areas. This underscores the importance of programs on reducing 

pollution load from offshore sources indicated in MBSDMP. In the southern portion of Metro 

Manila, only two stations – one in Las Piñas (LAS1) and one in Parañaque (PQE3) exceeded 

the fecal coliform standard for Class SB waters, however, there are still apparent bacterial 

colonies detected on the waters, even if the sampling stations on the said area are located 

almost a kilometer away from the coast. This can be an indication that the waters near the 

coast that were not sampled may also contain a very high coliform content concentration.  

Several stations’ exceedance in Total Suspended Solids are accounted to silt deposition from 

nearby effluents. A high TSS can cause more turbidity to the waters. While turbidity across 

portions of a water body varies, heightened TSS causing massive siltation may cause harm 

to organisms, living in the bay. Heavy siltation may also indicate the absence of natural 

habitats supposedly dissipating the degree of sedimentation such as mangroves, sea grasses 

and mudflats. This underlines the importance of protecting and maintaining the remaining 

natural habitats that provide ecosystem services such as sediment accretion that improves 

water quality of the areas. 

Overall, the need for a more comprehensive approach and implementation of sanitation 

mechanisms of different agencies, particularly Local Government Units (LGUs), and partner 

water supply and sanitation system entities are highlighted by these findings. Consistent 

monitoring of the water quality of the bay is essential in keeping track as to where the trend of 

water quality is going and what efforts are needed to further strengthen. 
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