
Fresh drinking water is becoming an important issue in this decade.  International development agencies and 
policymakers have long warned that the decreasing quality of water constitutes a worldwide threat that has severe 
implications on economic, environmental, social and public health aspects. 1 Here in Davao City, the groundwater 
in our aquifers currently provide 99% of  our drinking water but with the growing demand from an increasing 
population, this  will be inadequate for the city’s future drinking needs. Hence, the next option is to tap the surface 
water from our rivers.  This means that monitoring water quality will be an important part of how our city manages 
its water resources.

Locally, the role of water monitoring is a function provided by water utility providers such as the Davao City 
Water District (DCWD). On a national scale, the Department of Environment and Natural Resources, Environment 
Management Bureau (DENR-EMB) is mandated with monitoring the country’s water resources.

Worldwide, however, there is a growing trend of localized citizen water monitoring initiatives.  In fact, experts say 
that strong community participation is a key factor in river basin management approaches. 2 As major stakeholders, 
local communities can be trained to become  river watchdogs  to complement and support the government’s  
water quality monitoring role.

Water quality monitoring provides basic information on the condition of our creeks, streams, rivers, lakes, estuaries 
and coastal waters. Monitoring allows us to know whether these waters are safe to drink, to swim in or fish from.

Monitoring specialists test the chemical condition of water and sediments to determine levels of dissolved oxygen, 
nutrients, metals, oils and pesticides. They also check the physical conditions, such as temperature, stream flow; 
as well as measure or survey the state of the aquatic organisms in the water. 3

Monitoring can be conducted at regular sites on a continuous basis or on an as-needed basis to answer specific 
questions. Increasingly, monitoring efforts are now aimed at determining the condition of entire watersheds 
because experts now recognize that everything is related in an ecosystem. 4

Bantayo Aweg members measure the depth of the 
river to enable them to calculate the streamflow 
discharge rate.

What is Water Quality Monitoring?

With the expansion of pesticide-intensive plantations 
in Davao’s watersheds, residents from three upland 
communities in the Panigan-Tamugan watershed in 
Baguio district realized the need to monitor the water 
quality of their rivers. In 2005, they underwent training 
facilitated by the watershed advocacy group IDIS and 
were also able to visit the Tigbantay Wahig in Bukidnon 
to learn from their experience in water monitoring. Out 
of that learning experience, the group began to monitor 
Panigan-Tamugan river using simple monitoring kits 
that measured the river’s temperature, color, dissolved 
oxygen, nitrate, phosphate, pH, macro-invertebrates and 
stream flow discharge.

A decade later, the water monitoring has been continued 
by the children of the pioneering batch. Now, on its third 
generation, the Bantayo Aweg has expanded to include 
other youth groups from communities in Baguio district.  
Every end of the month, they come down to the Panigan 
and Tamugan Rivers to measure the water quality 
in three monitoring stations along the river’s stretch. 
The data is collected, consolidated and submitted to 
the local barangay of Tawan-tawan, whose Barangay 
Environment Committee uses it to monitor the state of 
the local rivers. The Environment Committee Chair also 
happens to be one of the pioneering batch of the Bantayo 
Aweg. Copies of the collated results were also given to 
the  Environmental Management Bureau (DENR-EMB) 
and the Davao City Water District (DCWD).

The Bantayo Aweg’s experience in monitoring 
Panigan and Tamugan Rivers  
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Why is Monitoring Water Quality Important?

What are the Parameters used in Water Monitoring?

Temperature

Dissolved Oxygen

How do Bantayo Aweg volunteers measure Dissolved Oxygen (DO) test?  

Portable Water Monitoring Equipment  

Monitoring the quality of our rivers and lakes is important because it will help protect the waterways from pollution produced by agricultural farms and 
industries. Farmers can use the information to better manage their lands and crops; water providers use the data to identify existing or emerging water 
quality problems, government agencies study the data to identify trends in water quality over time and local barangay councils can quickly respond to 
emergencies, such as chemical contamination due to agricultural inputs, floods and human, domestic or industrial wastes thrown into rivers.

Water temperature is linked to the viability of a river ecosystem. When 
temperatures are at an optimum for survival,  fish and aquatic plants 
will thrive. Atmospheric oxygen is easily dissolved into the water, the 
photosynthesis occurs at conducive rates and the metabolism of 
aquatic organisms proceeds normally.  But when temperatures are 
too high, dissolved oxygen levels decrease because the heat allows 

Dissolved oxygen (DO) is an important indicator in a river’s health because this means 
that it can support a variety of aquatic organisms. DO in river water comes from the 
atmosphere, the currents on fast-moving rivers or the waves on lakes. The presence of 
algae and aquatic plants also generate oxygen to the water through photosynthesis.

DO levels are affected by water temperature and the volume of water moving down a river.  
In cooler temperatures, gases are easily dissolved in water than in warmer temperatures. 
The build-up of organic matter in the river decreases DO levels.  

These organic matter often come from rotting plants and animals and from feces.  Wastes 
coming from sewage and agricultural run-off which are dumped into the river also 
constitute organic matter and are actually the prime culprit in the contamination of rivers.

The Department of Environment and Natural Resources (DENR), which also conducts 
water monitoring in the country’s major river systems, has quality standards regarding DO 
content in rivers. The DENR Administrative Order 34 Series of 1990 (Revised Water Usage 
and Classification: Water Quality Criteria) stipulates that the minimum DO saturation 
amount is 5 mg/L.

The Bantayo Aweg measures DO levels manually or through the portable colorimeter. Using  a colorometric wheel, water samples are viewed in bright sunlight, 
taking note of its optical color. Dissolved Oxygen  color levels are classified from dark to light bluish-violet color. The darker the color of the riverwater sample, the 
higher the DO value. 

The use of the Hach DR900 increases the accuracy of the results. By inserting a test tube of riverwater sample into the machine, it will automatically analyze and 
display the DO content of the sample.

water molecules to expand causing oxygen to readily escape into the 
atmosphere. The presence of decomposing matter in the rivers also 
contribute to higher temperatures because these suspended particles 
absorb more heat. Anaerobic bacteria, also use up oxygen  levels in the 
water when they decompose organic matter.

Since 2014, Bantayo Aweg has been using the Hach DR900 
Multiparameter Handheld Colorimeter which can automatically 

detect up to 90 parameters including DO, nitrates, phosphates, pH, 
color, turbidity and temperature.  

In basic water monitoring, there are eight parameters that are used to measure the condition and quality of water samples. These are temperature, 
color, dissolved oxygen, nitrate, phosphate, pH, stream flow discharge and macro-invertebrate population.
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Nitrates (NO3-)

Phosphates (PO4
3-)

How do Bantayo Aweg volunteers measure Nitrates and 
Phosphates ?

How do Bantayo Aweg volunteers measure pH Level?   

Nitrates are  nitrogen-oxygen chemical pairings which combine with 
various organic and inorganic compounds. Nitrogen is an essential 
nutrient for plants and animals to build protein but it needs to be in nitrate 
form in order to be absorbed by plants. If ingested, it is converted to 
nitrites.

Nitrates are  primarily used as fertilizer. They are also found in untreated 
sewage waste water,  and the run-off from crop fields and farms which 
use fertilizers. Too much nitrate in rivers can cause excessive algae 
growth. When there is too much algae, successive deaths in the algal 
population will deplete the dissolved oxygen, resulting to a loss of aquatic 
life.

Further, drinking water containing nitrates may cause  a medical condition 
called blue baby syndrome in which oxygen does not properly bind to 
hemoglobin, the oxygen-carrying molecule in the blood. The DENR AO 
34, Series of 1990, stipulates the following classifications based on nitrate 
content: Class AA – nitrate level of not more than 1 mg/L, and Class A – 
nitrate level is between 1 mg/L to 10 mg/L.

pH Level
The pH of river water is the measure of how acidic or basic the water is 
on the scale of  0-14. pH is important because it determines whether the 
biological  processes in a river ecosystem are functioning or not. Many 
organisms and ecological processes survive on a limited range of 6.5-8.5 
pH.  Anything too acidic or basic will stress the physiological systems 
of organisms leading to low reproduction rates.  Very low pH can also 
make elements and compounds toxic, so that when absorbed by aquatic 
organisms, it will lead to toxic death. A river’s acidity levels can be caused 
by acid rain, surrounding rock leaching, waste water, and chemical run-
off. The DENR Administrative Order 34 Series of 1990 states that Class 
AA-Class C water should have pH value between 6.5-8.5. 

Phosphate is the form that the mineral phosphorus takes when it is in 
rivers or lakes. As an essential mineral, phosphorus is responsible for the 
formation of bones and teeth. In phospate form, it is used to fertilize plants 
to make them grow and mature properly. Excess levels of phosphates in 
rivers and waterways are a result of human activity. Fertilizer run-off from 
agricultural farms, sewage from waste water treatment plants and septic 
tanks, and the use of detergents which use phospate to enhance the 
cleaning ability are major culprits in the build-up of phosphate. 

Phosphate build-up in rivers and waterways cause eutrophication. 
When algae feed on the phosphate, it causes a massive algal bloom 
which spreads densely across the water surface that it prevents light 
from reaching the bottom where plants need it for photosynthesis. As 
aquatic plants die, they are decomposed by bacteria which require 
dissolved oxygen to break down the organic matter. The widespread 
decomposition uses up the available dissolved oxygen, leaving nothing 
for the rest of the aquatic organisms, resulting in the death of the river 
ecosystem. 

The DENR AO 34 states that for Class AA water, it should have zero 
amounts of phosphate and for class A, not more than 0.1 mg/L should 
be present. For phosphate concentrations of not more than 0.2 mg/L, the 
water body is classified as Class B.

Similar to manual DO testing, volunteers use the colorometric wheel to 
measure nitrate.  Under bright sunlight, volunteers view the sample’s color  
and refer it to the color classification provided by the wheel in order to 
determine the level of nitrate in the sample. 

In manual phosphate testing, reagents are mixed in the sample. The 
resulting change in color will be compared to a range of colors in the disc 
with their coresponding approximate value under each shade of color. 

With the Hach DR900, volunteers merely insert a tube containing the river 
sample and wait for the machine to automatically analyze and display the 
level of phospate and nitrate contents.

Bantayo Aweg volunteers use litmus paper strips to measure the acidity and basicity of river water samples.  When these pH strips are submerged in the samples 
for one minute, the color of the litmus changes.  The color results are then matched with the pH color chart to determine if its is very acidic, neutral or alkaline.  The 
volunteers perform this test at least three times to determine the average. 

The use of an electronic ph meter simplifies the procedure. The water sample is inserted into the meter and an accurate reading is immediately provided by the 
machine.
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Bantayo Aweg president Jay Ronie Gubat, measures the streamflow manually 
by tracking the time it takes for a tennis ball to travel downstream.Stream Flow Discharge Rate

How do Bantayo Aweg 
volunteers measure the 
Stream Flow Discharge Rate?   

Turbidity

How do Bantayo Aweg volunteers measure Turbidity?   

The stream flow discharge is the volume of water passing a single point in the stream over time. 

Water volume and velocity play a role in stream flow.  Large, swiftly flowing rivers can receive pollution 
discharges and be little affected, whereas small streams have less capacity to dilute and degrade wastes.

A reduction in forest or vegetative cover in the headwaters can increase the stream flow temporarily due 
to the surface run-off. The size of the catchment area and the number of tributaries can also affect the 
volume of water coming from a river.

Bantayo Aweg volunteers use the Float 
Method to measure the discharge rate. 
They pick out a cross-sectional area in 
the river and mark each corner using 
ropes or twines. From the topmost of 
the cross-sectional area, they send a 
tennis ball floating downstream towards 
the lower portion of the area.  The time 
it takes to float down the entire length of 
the cross-sectional area is measured by a 
stopwatch. This is repeated at least three 
times and at different sampling sites in 
the river to gain a more accurate average.

Formula:
(average depth) x (average width) x (average velocity) 

Turbidity refers to how clear the water is. The amount of suspended 
sediments in the river water can have many negative effects on aquatic 
life. The particles that cause turbidity can block light to aquatic plants, 
smother aquatic organisms, and carry toxic contaminants as well 
as bacteria. Turbidity (materials suspended in water such as algae 
and silt) and true color (materials dissolved in the water) are essential 

components in determining water clarity. Careful water) are essential 
components in determining water clarity. Careful consideration must be 
undertaken when differentiating both parameters.  Turbidity is the lack of 
clarity in the water because the suspended matter scatters or absorbs 
light penetrating the water.  In contrast, water  have a great deal of color – 
it may be even brown – and still be clear , without any suspended matter. 

Bantayo Aweg members measure turbidity manually or with the use of an automatic colorimeter. In the manual method, the volunteers observe the river 
water sample against the light and measure its turbidity through a colorimeter wheel which shows the different levels of water clarity. 

With an automatic colorimeter like the Hach DR900, results are faster and more accurate. Before inserting the river water sample into the machine, volunteers 
first use a sample of distilled water as baseline reading for the machine. The machine compares both readings before generating its final result.
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Examples of common macro-invertebrates found in slow and fast moving 
waters in rivers and streams in the Philippines. Most of the samples are aquatic 

nymphs or larvae of mayflies, stoneflies, dragonflies, caddisflies and beetles. 6  

(c) Carnegie Museum of Natural History, Aquatic Macroinvertebrate Collection 7

Macro-invertebrate Sampling

How do Bantayo Aweg volunteers collect
Macro-invertebrates?

Aquatic Macro-invertebrates  

Common Stonefly  

Hawker Dragonfly

Tarebia Granifera  

Class Hexapoda>Perlidae

Class Hexapoda>Odonata

Class Gastropoda>Thiaridae

Macro-invertebrates are spineless organisms which live in 
running water and are large enough to be seen with the naked 
eye. Examples of these are shrimps, clams, snails and worms. 
Aquatic macro-invertebrates are sensitive to physical, chemical 
and biological conditions of streams and rivers so they are good 
indicators of the quality of the surface water.

Sampling involves the collection, processing and analysis of these 
organisms to determine the health of the aquatic ecology.  The 
operating principle of this monitoring tool is that the absence or 
decline  of these organisms in a river or a creek can indicate the 
presence of pollution or contamination. 5

Bantayo Aweg members work as a team to collect the samples.  
Ideally, the sampling is conducted early in the morning when the 
temperature is low and conducive for invertebrate activity. The 
sampling sites are generally located near the riverbank where 
there is still vegetation.

Volunteers trap the specimens by submerging a fine mesh hand 
net six inches below the surface and against the river current for 
three minutes. 

The trapped invertebrates will then be collected and later counted 
and identified.  In some cases, these may be  preserved for further 
study by placing it in specimen jars filled with water and 70% 
ethanol.

Flatheaded Mayfly  
Class Hexapoda>Ephemeroptera

Fingernet Caddisflies  
Class Hexapoda>Trichoptera
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What is the state of Water Monitoring by Government Agencies?

But are these State-run water monitoring activities adequate 
to protect Davao’s drinking water?

In the Philippines, the Clean Water Act of 2004 defines water 
quality in terms of general use and monitors water quality using 
several physical, bio-chemical, bacteriological and radiological 
characteristics. The Act mandates the establishment of Water 
Quality Management Areas (WAQMA) which are managed 
by local multi-sectoral government boards. This means 
that management of water quality will either be based on 
watershed, river basin or water resources region.  Accordingly, 
the Department of Environment and Natural Resources- 
Environmental Management Bureau (DENR-EMB) has 
formulated a number of ambient standards for measuring 
water quality.

The Department of Health (DOH)  also has its own standards 
which are used to measure the drinking quality of surface 
water. The Philippine Natural Standards for Drinking Water 
(PDSDW) seeks to protect public health, safety and welfare by 
ensuring quality standards of drinking water. 8 

In 2006 to 2008, the watershed advocacy group Interface Development 
Interventions  (IDIS) conducted a sampling survey of river water and 
sediments in Talomo-Lipadas and Panigan-Tamugan watersheds, 
the current and future water sources of the city. Among the major 
findings of the study were: 8 out of 10 sampling stations were found 
to have pesticide residues at least once during the sampling period; 
a total of 13 pesticides were found, 6 of which are internationally 
banned; and all of the pesticides had levels exceeding guideline 
standards.

In 2011, the Ateneo de Davao University conducted another sampling 
study on four rivers in Davao City. The study identified 10 pesticides, 
5 of which are banned by the Fertilizer and Pesticide Authority (FPA) 
and the Department of Agriculture (DA).  Aside from these 10, another 
2 pesticides were identified which are not included in the reference 
standards.

These results have underscored the problem with current national 
standards on classifying drinking water. As the water resources 

are being invaded by pesticide-intensive plantations, the current 
parameters do not cover all the pesticides that are being used by 
monocrop farms.  Most currently used pesticides are not yet included 
in the standards so there is a  risk of erroneously classifying water as 
fit for drinking or for household use.

In the case of Panigan-Tamugan river which is considered to be Class 
AA according to DENR-EMB standards and therefore qualifies as a 
potential site for drinking, the reality is that it might contain a number 
of pesticides that were not observed because these standards and 
therefore qualifies to be monitoring parameters for potential drinking 
water source.

“The national standards are outdated.”, said IDIS executive director 
Ann Fuertes. “Both DENR-EMB and DOH water quality parameters 
cover mostly banned pesticides and do not include the latest toxic 
agri-chemicals which are increasingly favored by plantations. 
Therefore, under the current monitoring system, the actual condition 
of our river waters cannot be accurately known.”
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What are the
Policy Recommendations?
A policy proposal by IDIS recommended the updating 
of the water monitoring guidelines currently being used 
in order to efficiently detect pesticide contamination 
in Panigan-Tamugan and Talomo-Lipadas rivers. 
Specifically, the policy  brief recommended that:

For IDIS, a strategic partnership with the communities 
living near the rivers is an important key towards ensuring 
a sustainable bottom-up approach to water monitoring. 
Specifically, Fuertes called on the EMB to consider 
capacitating local groups in monitoring rivers and creeks.

“Based on our experience, training community based 
water monitoring (CBWM) groups to conduct river 
monitoring gives them a greater sense of stakeholdership 
for ensuring the protection of local rivers.  Using this 
approach, EMB’s monitoring capability  would have a 
wider reach without being bogged down by budgetary 
and logistical restraints.”

Water quality monitoring conducted by pertinent 
local bodies should be broadened to include 
pesticides and heavy metals that have not yet been 
included in existing standards.

The frequency of monitoring must likewise be 
increased to include periods immediately floods 
and other natural disasters as the run-off from 
plantations seep to neighboring rivers.

Local offices for the DENR and DOH should 
propose to their respective national agencies to 
include new pesticides in the current parameters 
being monitored in DENR-DAO 34 and DOH-AO 
2007-0012.

The city government can help protect its 
watersheds from pesticide contamination by strictly 
implementing local zoning policies and buffer zone 
requirement, such as the full implementation of 
riparian buffer zones. The trees, shrubs and grasses 
in this zone will filter sediments carrying pesticides 
and fertilizers coming from agricultural lands from 
entering bodies of water.

The city government should also implement the 
Septage and Sewarage Ordinance to ensure that 
domestic and industrial wastes do not go directly to 
canals, rivers and seas.

Barangay local government units, especially those 
near rivers, should be mandated to conduct regular 
sanitation trainings and other related activities 
to ensure that their communities will not throw 
garbage, human wastes and other toxic materials 
to the rivers and creeks.

The city government may also consider exploring 
other measures like enacting appropriate 
mechanisms to generate resources for 
environmental protection, like Environmental 
Payment Services included in the charges levied by 
the DCWD for water use, to be solely used to fund 
environmental conservation projects. Other LGUs 
may also consider the recommendation for their 
respective jurisdictions.

The watershed advocacy group IDIS continues to train youth volunteers 
to conduct water quality monitoring in Tamugan river. 
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September 18 is International Water Quality Monitoring Day
World Water Monitoring Day is an international education and outreach program that builds public awareness of the importance of protecting water 
resources around the world by engaging people to conduct basic monitoring of their local water bodies. During this time, people of all ages throughout 
the world community will have an opportunity to monitor the quality of their local watersheds and enter the results of their efforts into an international 
database.  For more information, visit  http://www.worldwatermonitoringday.org.
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