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ABSTRACT

Biocriteria and system analysis were tools used in the assessment of human
impact in Butuanon River, Cebu Province, the Philippines. Biocriteria is a composite
of habitat quality assessment, multi-metric biological index, species combination of
indicator species and community stmcture. System analysis is holistic approach in
identifying the interlocking factors operating in the watershed. Both tools complement
the chernical characterisation and are indispensable components in the monitoring
programme of Butuanon River watershed.
Degradation of Butuanon River is caused by a complex rnixture of pollutants
from various sources. The major sources of these substances are: sewage and solid
wastes from households; industrial effluents; and, mil-off from the upiand and urban
areas. There are traces of heavy metals (Hg, Cd, Cr, Cu, Ph, Ni, Zn) in river
sediments. The increasing trend in the mean values for biological oxygen demand
(BOD), conductivity, total phosphorus and the dec1ine in dissolved oxygen
downstream indicate the accumulation of pollutants. The present state of the river
poses a negative feedback to human affairs through the decline in the quality and
quantity of freshwater.
River macroinvertebrates are responsive to degradation. Aquatic fauna are
important indicators of ecological integrity of Butuanon River. Biocriteria serve as
bases for the zonation of the river in three categories: slightly impaired (stations 1 &
2); moderately impaired (stations 3, 4 & 5); and degraded (stations 6, 7 & 8).
Sustainable watershed management considers a holistic and interdisciplinary
approach. The causes of degradation have to be addressed. Feasible rehabilitation
strategies are pegged on the conviction of the interlocking loops of ecological and
econornic aspects of the watershed.
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1 Introduction
1.1 Overview
Clean and sufficient water is necessary to all life. Cancern over the
degradation and depletion of this resource has increased in the 90' s, when signs of
ecological imbalance start to threaten human affairs. In the Philippines, priority areas
are the coastal urban centres, where population is high and commercial activities are
concentrated. Rivers flowing through cities become recipients of complex sewage and
solid wastes.
Butuanon River drains the urban area of Mandaue City in the province of
Cebu, the Philippines. During the rast decades of rapid urbanisation, the river was
transformed inta a ditch of garbage and wastewater. Residents along the river
complain of filthy smell that fills the air. Studies on river pollution provide solid
evidence of heavy metal contamination that pose serious threat to ground water
contamination. Furthermore, the entire Metro Cebu has experience freshwater
shortage and human health problems related to water. These events orchestrate to
bring the water issue inta the political agenda.
Cancern over the state of Butuanon River and surrounding community, the
local government of Mandaue City requested assistance from the U.S. Asian
Environmental Partnership (AEP), Department of State, for an Environmental Action
Team (EAT) to assist the city in developing a plan to prevent further degradation and
rehabilitate the Butuanon River (BRWMP, 1996). The Butuanon River Watershed
Management Project (BRWMP) is a joint effort of several sectors in Mandaue City
and Cebu City with technical support from United States Environmental Protection
Agency (EPA) Region 9 San Francisco, CA. The participating agencies are listed in
Appendix 2. In the BRWMP report (1996), the environmental problems in the
watershed, project goals and components are explicitly outlined as follow:
Problem: The Butuanon River is a highly stressed wafer body that
is barely able to sustain any uses besides conveying domestic and
industrial wastes. Continuedpollution and industrial growth will
surely lead tofurther degradation, eliminating any other uses and
increasing the threat to public health. In summary the potential
problems include:
1. Continued degradation of Butuanon River from partially trea ted
and untreated domestic and industrial wastewater and storm
wafer runoff;
2. Potential contamination of the City' s drinking wafer wells in the
vicinity of the river;
3. Potential contamination of the aquifer through possible connections
with the river in the areas where the alluviallayer is shallow and
through the septic system.
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Goal: The goal of BRWMP is to restore the resources of the watershed
within the boundaries of Mandaue City.
Scope: The Department of State for an Environmental Action Team (EAT)
has defined the scope of BRWMP as follows:
1. Assess the surface water quality and related habitat;

2. Assess the relationship between suiface water and ground water
at the city wells in the vicinity of the river;
3. Develop a monitoring program to study the potential for contamination
of the drinking water aquifer by the river and septic systems;
4. Identify the sources of river contamination;
5. Recommend a long-term plan for addressing those sources.

This research is a component of BRWMP that deals with the assessment of
surfare water and related habitats. The author was in-charged with the biological
aspect of Butuanon River assessment. The primary goal of this research component is
to evaluate the physical, chemical and biological characteristics of the river that will
serve as baseline information for subsequent formulation of watershed management
strategies. The report highlights the strategic position of biological criteria in the
assessment of the watershed. Biological criteria is a tool in monitoring the biological
integrity of aquatic communities. Rapid bioassessment protocol for
macroinvertebrates (RBPM) that was originally designed for rullning waters in the
United States of America was modified and implemented in Butuanon River. The
method was documented and the scheme for data analysis are presented to show the
reliability of RBPM in the bioassessment of Butuanon River. As such, the method can
be an integral part in monitoring program of the river, most specially when the action
plan to rehabilitate the watershed resources will take effect.
Equally important in the assessment of the watershed is system thinking. This
approach identifies the interlocking factors operating in the watershed system. Though
not explicitly contained in the BRWMP work plan, system analysis provides insights
that are valuable inputs to the formulation of strategies for sustainable watershed
management.
1.2 Rationale
Quantitative assessment based on ecological principles (Karr, 1990) is
effective in the evaluation and subsequent protection of watersheds from a wide range
of human activities that degrade the resources. Biomonitoring of rivers in the
Philippines is still on its conceptual stage though environmental degradation is already
advancing. The urgency of environmental protection has led to the adoption of
bioassessment protocols developed in western countries. However, application of such
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procedures in the tropical region presupposes technical modification based on
available resources and local conditions. Rapid bioassessment protocol for
macroinvertebrates and habitat assessment (Plafkin, et al., 1989) were employed in
this research as bases in organising a monitoring program to assess the state of
Butuanon River. The RBPM together with habitat assessment and chemical analysis
are reliable for the monitoring of the state of Butuanon River. It can be a very
important tool in determining the improvement brought about by the implementation
of BRWMPaction plan for the restoration of resources in the watershed.
The evaluation of the present state of Butuanon River watershed makes use of
system analyses. There are multiple causes of resource deterioration in the watershed.
The chain of effects is expressed in a causal loop diagram. From the interlocking
feedback loops, strategies for sustainable watershed management are derived. These
strategies are valuable input to the formulation of BRWMPaction plan. The BRWMP
action plan is step towards the achievement of the Water Sector Development
Objectives of Mandaue City. These objectives are presented in the Mandaue City
Development Master Plan Study (Schema Konsult, 1997).
"The main objective of the Water Resources Sector of Mandaue
City' s overall development is to provide adequate supply of water
for the growing domestic, commercial and industrial demand and
to ensure the proper and ecologically sound disposal of storm wafer,
wastewater and sewage.
Specifically the following objectives are to be pursued:
1. to ensure that specific Metro Cebu Water District projects which
are geared towards developing and exploring more water supply
resources and improving of systems reliability are being supported
and eventually carried out;

2. to develop new water supply resources using indigenous or even
new technology;

3. to initiate measures and policies to controi and conserve the underground water sources within Mandaue City;
4. to install proper drainage and sewage system in accordance with
the metrowide plan.

1.3

"

Specific objectives

The main purpose of this study is to assess the extent of human impact in
Butuanon River. The specific objectives are as follow:
1. Identify the causes of river degradation using system analysis approach;
2. Describe the chemical characteristics of Butuanon River;
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3. Correlate biological and chemical characteristics of the river in the formulation of a
multi-metric biological index;
4. Classify the different sampling points of the river as to the extent of degradation,
using a the matrix of biological integrity (MBl), species combination of indicator
species and community stmcture;
5. Formulate strategies for sustainable management Butuanon River watershed.
2 Materials and methods

2.1

Study area

Butuanon River is Olle of the major rivers that drains the Metro Cebu,
Philippines. The headwaters come from the upiand areas of Cebu City characterised
by intensive mango production, cutflower cultivation, small scale farming, patches of
grassland and sparse secondary growth forest. The channel of slow-moving water is
about 5 to 10 meters in width and stretches 10 kilometres flowing north to south-east
from the suburban district of Cebu City (Barangay Pit-so, Talarnban) passing through
the residential, commercial and industrial zones of Mandaue City and open up to
Mactan channel. Fig.l is the drainage map of Mandaue City, showing the geographic
location of Butuanon River. Butuanon River has lost its ecological, aesthetic and
recreational values since it has been heavily loaded with pollutants.
Human impacts on Butuanon River watershed such as the following; are too
diverse that rehabilitation measures necessitate a holistic and interdisciplinary
approach: (1) discharge of industrial and domestic waste inta the river, (2) over
extraction of ground water, (3) indiscriminate exploitation of riparian vegetation such
as bamboo tickets and trees that keeps the river bank stable, (4) excessive collection
of sand and gravel from the river bed, (4) massive alteration of landscapes in the
upiand brought about by quarrying and estate development, (5) extensive lise of
chemical pesticides and fertilisers in upiand orchards and agriculture.
2.2

Data sets

Chemical and biological characterisation of Butuanon River were done in
eight stations. Water samples for chemical analyses were collected twice a month
from 29 May 1996 to 04 June 1997. There are seven sets of data for
macroinvertebrates in the river, gathered in the following months: Sept. and Dec. '96;
Jan., Feb., March, April and May '97.
Riffles were the target areas for biological characterisation of the river. It is
where, macroinvertebrates were found at high density. Increased dissolved oxygen
and loose rocky substrates are characteristic of riffles. Although rainfall is minimal in
the months of March, April and May, the riffles never mn dry. Water flows
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eontinuously throughout the year. These areas of the river are generally less than five
meters in width and a meter in length.
A reference site in the assessment of the Butuanon River can not be
established. The upstream station in the rural area, do not refleet a site that is least
impacted by human activities. There is no section in the river that can be used to
define attainable biological or habitat conditions. The VS EPA recommends the use of
a reference site in the assessment of human impact in surfaee waters. However, Fore
et al. (1996) maintained that in biometries, seoring criteria as percentage of a
reference site is a poor approach because it fails to reeognise that referenee condition
is more meaningful when defined as a range of values.

2.3 Field sampling
The eight sampling points of the river were established to eharaeterise the
various types of discharges from domestic and industrial sourees. Besides
accessibility, the sampling stations also correlate historically with the Department of
Environment and Natural Resources (DENR) monitoring stations. In figure 1 the
sampling stations are labelled by Arabic numerais. Table 1 shows the code number,
location, geographical co-ordinates and rationale of the different sampling areas in
Butuanon River. Although macroinvertebrates are widely distributed within the river
ecosystem, they are highly concentrated in riffles. The riffle zones of Butuanon River
were then the target areas for the sampling of benthic macroinvertebrates. Water
samples for bacterial count and chemical analyses were taken from the pool zones of
the river. The sampling stations for macroinvertebrates were few meters
(approximately less than 20 meters) downstream from the point where water samples
were taken, except for sampling station number four (4) which was upstream.
Macroinvertebrates were collected from an area of Olle square meter at the
riffle zone by kicknet method (Plafkin et al., 1989). A ilet of 0.5 mm mesh size was
pegged against the water current while the substrate is disturbed by kicking motion in
order to adrift the target organisms living under stones and among plant debris. After
15 minutes of scouring the bottom of the river, the organisms with a mixture of small
organic debris, sill and pebbles were gathered and stored in polyethylene containers.
The samples were kept in ice buckets during transport and later frozen at -4.0 °C in
the laboratory until being processed.
The macroinvertebrates inc1udedin the biological characterisation of the river
are only those belonging to the group of insects, molluscs and crustaceans. Nematodes
were found in downstream sampling stations, hut they were already fragmented by the
time the samples were processed, thus the number of individuals and the kind of
nematode can not be determined. The taxonomic keys used for identifying the
macroinvertebrates at the family level are those prepared by Vsinger, RL. (1956), and
Thorp, J.H. & AP. Covich (1991). Different species were identified hut the generic
and species names can not be ascertained. There is no taxonomic key available for
macroinvertebrates in Southeast Asia, particularly the Philippines. Macroinvertebrates
in tropical fresh waters are not yet fully documented.
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Figure 1. Butuanon River cutting through the residential, commercial and
industrial areas of Mandaue City.
Note: Arabic numerals indicate the sampling stations. The map was
a reproduction of the G/S printout obtained from Schema Konsult
(/997).
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Table 1. Sampling stations for macroinvertebrates in Butuanon River.
Code
No.
1

Location
Santa Lucia
Pit-os Talarnban,
Cebu City (Upstream)

Geographical
co-ordinates*
1O023'23.8"N
123°55'1O.2"E

Rationale for sampling
Upstream reference site;
rural; impacted on
upstream quarry, stolle
crushing facility and
landscape alteration in
Santa Lucia subdivision**

2

Bacayan Bridge
Downstream of spillway

1O022'53.3"N
123°55'7.5"E

Rural; effects of new
subdivision (Villa del
Rio)

3

Canduman Bridge
Downstream

1O022'21.8"N
123°55'18.8"E

Rural; downstream of
stolle cutting facilityand
backyard piggery**

4

Pilit I, Cabangcalan
Above drive-through river
and industrial discharges

1O021'44.1"N
123°55'33.1"E

Reference site for
downstream industrial
impacts; rural; upstream
from discharge channel
for food processing; sand
and gravel extraction**

5

Pilit II, Cabangcalan
Downstream of sewer

10°21'31.5"N
123°55'35.0"E

Industrial effects;
upstream from paint
manufacturing and food
processing

6

Greenhills subdivision,
Casuntingan

10°21'23.2"N
123°55'37.8"E

Older residential
communities, domestic
and industrial discharges

7

Tingub - Casuntingan

1O021'4.3"N
123°55'58.5"E

Industrial and domestic
discharges

8

Butuanon Bridge
First riffle downstream

approximately 20 meters
from the spillway beneath

Industrial and domestic
discharges; squatter
community

the brid}:!;e

Source: BRWMP, 1996
* personal communication with Terry Oda, BRWRP project manager
** additional information as of July 1997 (researcher's observation)
2.4

Gathering of data

Frozen samples were thawed in running water one at a time. All
macroinvertebrates were separated from the rest of the materials under a stereo
microscope. The organisms were rinsed in distilled water and preserved in 4%
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formaIdehyde solution. Identification of macroinvertebrates was done based on the
taxonomic keys for aquatic insects (Thorp, J.H. & AP. Covich. 1991; Usinger, RL.
1956). Photomicrograph of each species was taken for documentation.
The chemical parameters of the river were analysed by a team of researchers
from the Department of Environment and Natural Resources (DENR), Metro Cebu
Water District (MCWD), San Miguel Corporation (SMC) and University of San
Carlos, Water Laboratory (USC - WL). The methods employed were standard
procedures in the examination of water and wastewater (Clesceri et al., eds., 1990).
Table 2 shows the method for each chemical parameter.

Table 2. Methods osed for the chemical analysis of Butuanon River.
Parameter

Method

DO

YSI Model58 Dissolve Oxygen meter - field (mg O2 L-l)

Conductivity

Conductivity meter (microSiemens cm-l)

BOD

Five-day BOD test (mg O2 L-l)

TSS

Gravimetric method (mg solids L-l)

Total coliform

Membrane Filter technique (CFU - Colony forming Units)

E. coli

Membrane Filter technique (CPU - Colony forming Units)

Total phosphorus

Source: BRWMP, 1996 and University of San Carlos Wafer Laboratory, 1998

2.5 Dataanalysis
A summary of the chemical characterisation data of the river from 29 May
1996 to 04 June 1997 was procured from BRWMP. Averages ofthese data were osed
in the analyses and interpretation.
Macroinvertebrates collected from eight stations provide the biological
attributes of the river. The data are summarised by obtaining the summation, means
and percentile in every sampling station. The values are plotted to derive trends and
fluctuations of data sets.
Butuanon River can be evaluated as to the extent of degradation by adopting a
combination of habitat assessment and biological index. The biological index was
derived from several metrics that were correlated with the chemical parameters such
as BOD, DO, Conductivity and Total Phosphorus.

9

2.5.1

Habitat assessment

River habitat assessment was pattemed from the VS EPA protocol for surface
waters (Plafkin, et al., 1989). The matrix was based on the Stream Guidelines for
Winconsin (Ball, 1982) and Methods of Evaluating Stream, Riparian and Biotic
Conditions (Platts et al., 1983). Habitat parameters include the following: epifaunal
substrate; bottom substrate available cover; embeddedness; channel sinuosity;
frequency of riffle; channel alteration; channel flow status; bank vegetative protection;
bank stabilityand riparian vegetative zone width (Plafkin et al., 1989 ). Each
parameter has a range of 1 to 20 points. Each station in the river receives a numeric
score for each specific criterion. The scores for all parameters are summed to
determine the overall habitat score out of a maximum possible score of 200 points.

2.5.2

Multi-metric approach

Metrics refer to attributes of biological assemblage. A multi-metric approach
for macroinvertebrates (Fore, et. al., 1996) is a composite of metrics selected from
four levels of ecological attributes: taxonomic richness and composition, tolerance,
feeding ecology and population. In this research, the metrics used are summarised in
Table 3.

Table 3. Biological metrics used in Butuanon River.
Leve.
Taxa richness and composition

Metric
Total number of species and families
Trichoptera (Hydroptilidae)
Odonata (Calopterygidae & Libellulidae)

Tolerance

Percent Midges (Chironomidae and
Ceratopogonidae)
Bacterial count (E. coli)*

Feeding ecology

Percent Predator (Calopterygidae,
Libellulidae, Veliidae, Corixidae,
Saldidae, & Tabanidae)

Population attributes

Abundance
Percent Dominance

Note: These metrics were selectedfrom the list suggested by Fore, et al., 1996.
* lndicator offecal contamination, notfound in Fore, el aL, 1996.

Taxa richness metric (no. of species and jamilies). This metric refers to the
total number of species and families of macroinvertebrates, collected in every station
of the river.

statIon.

Abundance. Abundance refers to the total number of organisms collected in
each sampling station.
Percent Dominance. This refers to the family with the highest percentage in
every sampling area.
Bacterial count (E.coli). This is an estimate of the number of E. coli forming
colonies present per litre of water sample from the river.

2.5.3

laccard Coefficient of community similarity

The Jaccard coefficient measures the degree of similarity in taxonomic
composition between two stations in terms of species present or absence. It
discriminates between highly similar collections (Plafkin, et al., 1989). In this present
study, this is used as a tool in verifying the c1assificationof sampling sites arter it has
been plotted on the matrix of biological integrity. The formula for the computation of
Jaccard Coefficient is as follows:

a
Jaccard Coefficient
a+b+c

where
a
b

= number

c

= numberof speciespresentin stationA hutnot B

of species common to both stations

= numberof speciespresentin stationB hut not A
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2.6

System analysis

Systems thinking is important in the management of watersheds. Analysis of
the complex watershed ecosystem is made comprehensive with a causalloop diagram,
showing the relationships of different variables. Appropriate strategy for the
rehabilitation and conservation of resources can then be planned based on this
scheme.

3 Results and discussion
3.1 Butuanon River watershed system
Unbalanced development in Manduae City causes the degradation of resources
in Butuanon River watershed. Figure 2 shows the causalloop diagram of the human
impact in the watershed. There are three main aspects of economic development in
Mandaue City that adversely affect the supply and quality of freshwater.

Development in Mandaue City

+

Ind

Salt water intrusion

on

+
+ Waterconsumption
+ WM"P:~T

Percolation of rainwater

~

Contamination of ground water

Fresh water supply

Quality of ground water

Figure 3. Human impact in Butuanon River Watershed.
Causalloop diagram at a macro level

--

~
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3.1.1

Freshwater consumption

The aquifer that overlies a volcanic base is the principal source of potable
wafer in Mandaue City. It is beneath a layer of limestone, approximately 700 meters
thick near the coast. On the surface, alluvial soil is deposited that extends 50 to 70
meters deep near the coasts and gradually tapering to the underlying limestone about 8
kilometres inland (BRWMP, 1996).
Demand for freshwater is directly proportional to the increase in urban
population and industrialisation. Figure 3 shows the trend in wafer consumption in
Mandaue City for the next 15 years.
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Fig. 3. Projected wafer consumption and allowable limits in Mandaue City
Source: Schema Konsult (1997)

lndustrial and commercial consumption
The total industrial and commercial demand for freshwater was estimated to
be at 10,183 m3 d-l (ADB, nd.). Figure 3 and Appendix 4 show the projected wafer
consumption of industrial and commercial; and domestic sectors. The figures were
based on MCWD estimated demand growth rate of 1.0 % per annum in 1995 to 2005
and 2.0 % growth rate thereafter until year 2015. Industrial and commercial demand
for wafer will increase by 2% annually until 2005 and 1.5% thereafter. (Schema
Konsult, 1997).

Domestic consumption
Employment opportunities attract rural people to immigrate to the city. Most
of the immigrants in Mandaue City end up as part of the labour force in industries and
commercial centres in Metro Cebu. The City of Mandaue is highly urbanised with a
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population growth rate of 1.63% annually (NSO, 1996). The total population in 1998
was estimated at 205,000. Population density is 6200 persons per km2.
Per capita demand of domestic water is between 0.105 to 0.147 m3 d-l. This
figure is only 85% of the actual demand due to the fact that water is not continuously
available. Actual individual demand could eventually reach 0.173 m3 d-l. There is a
1% increase per annum from 1995 to 2005 and 2% growth rate thereafter up to 2015
(MCWD,1990).

3.1.2

Percolation ofrainwater

Schema Konsult (1997) estimated that the industrial and commercial area in
Mandaue City in 1990 occupied an area of 3.92 km2and 0.83 km2 respectively. After
five years (1995), the area increased to 4.39 km2 for industries and 0.99 km2
commercial zone. Both increase in urban population and industrialisation necessitates
the construction of more roads and buildings. The expansion of the number of
industrial, commercial, residentiai and transport infrastructures reduces the area for
the infiltration and percolation of rainwater. Reduction in the replenishment and
increase in the consumption of ground freshwater will lead to the depletion of
freshwater resources. When ground water pressure decrease, inland intrusion of sea
water folIows. Salt water intrusion reduces the quality of freshwater at the coast. A
decrease in the supply of freshwater will ultimately cause adverse effects on human
health and economic activities of Mandaue City.
3.1.3

Saltwater intrusion

The threshold level for ground water extraction in Mandaue City was based on
the computation made by Walag (1995) for the entire Metro Cebu. Metro Cebu is the
cosmopolitan area of the province that is composed of three cilies (Cebu City,
Manduae City and Lapulapu City) and four municipalities (Compostela, Liloan,
Consolacion and Talisay). It has a total coastal aquifer area of 180 km3. Available
ground water was estimated at 85 million m3per rear. To prevent salt water intrusion,
only 66.7%of the infiltrated water are allowed to be pumped, that is 57.6 million m3
per rear. From these estimates, it can be assumed that the available ground water for
Mandaue City with a land area of 33 km2 is 15.58 million m3 per rear. Only 10.39
million m3 per rear must be pumped to prevent salt water intrusion. But total water
consumption in the city is far berODdthe allowable limits (Fig. 3). The 50 ppm (mg
cr L-l) iso-chloride line in Mandaue City is approximately 1.5 and 1.7 km from the
shoreline in 1985 and 1995 respectively. Considering the present rate of rainwater
infiltration and trends in water consumption, saltwater intrusion will increase by
another kilometre inland in the end of this century (Walag, 1995).

3.1.4

Wafer pollution

Karr & Dudley (1981) defined biological integrity as a condition of a system
under little or no influence from human actions. It is reflected in both the biotic
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elements and the process that generate and maintain those elements. The biological
integrity of Butuanon River has been ruined. Complex pollutants and natural habitat
alteration impaired the ability of the river to support and maintain a balanced and
adaptive community of organisms. Anthropogenic activities cause severe degradation
of the resources in Butuanon River. Figure 4 shows the relationship of different
factors affecting the ecological integrity of Butuanon River.
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Figure 4. Pollution in Butuanon River.
Causalloop diagram at a micro level

Causes of river degradation
Extensive quarry and estate development take place in the rural areas of
Talarnban. During the rainy season, runoffs carry with it huge amounts of eroded
materials from the bulldozed area and stolle crushing sites. As it flows downhill, it
finds its way to Butuanon River. The river then becomes the main recipient of silt and
sediments.
Construction activities in the city demand a huge supply of sand and gravel.
Butuanon River serves as an important source of these construction materials.
Extraction of gravel is intensified in Cabangcalan area. The removal of sand and
gravel not only reduces the recharge of groundwater aquifer hut also totally destroys
the habitat of aquatic organisms. During the excavation process scoUTingof the
substrate takes place and fine day partides are washed, thus aggravate the degradation
of Butuanon River downstream.

of
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UpIand agriculture contributes to the degradation of the river. Pesticides are
intensively used in mango production and cutflower cultivation. Traditional farming
requires periodic input of organic and synthetic fertilizers. Runoff during rainy season
carries with it, a mixture of chemical substances from the hillsides and down to
several tributaries that ultimately drain to Butuanon River.
Butuanon River within the limits of Mandaue City is the major recipient of
complex industrial effluents and domestic wastes. Schema Konsult (1997) reported
that industrial wastes discharged inta the river comprise only 39% of the total river
pollution load. The greater fraction of which comes from residentiaI areas. Household
pollutants inc1ude sewage; solid wastes (for example refuse and plastics); dead
animals; and excreta of humans and domestic animals (pigs, fowls and dogs).
There are no facilities for the collection and treatment of domestic wastewater
in Mandaue City. It is disposed in on-site septic systems, most of which are of an open
bottom design embedded in alluvial soil. Open ditches used to collect and convey
septic tank overflows, gray water and storm water runoff within the city, eventually
drain inta the Butuanon River. Dead animals and solid waste from households are
randomly thrown inta the river by the inhabitants in nearby villages (BRWMP, 1996).
The squatters along the river have no toilets. The river banks are used for sanitary
purposes.
There are 46 industries that discharged their effluents inta the river. These
industries are c1assified as follow: 26 food processing plants, 5 metal works (pots,
pallS and wrought iron), 4 animal farms, 3 industrial gas producers, 2 cosmetics
plants, a chemical plant, a metal finisher, and 3 miscellaneous producers (Appendix 5,
6 & 7). Of these, only six industries (a metal finisher, 4 food processors and a
brewery) have wastewater treatment facilities. Shemberg, a carrageenan manufacturer
has facilities that are poorly operated and maintained (BRWMP, 1996 & Schema
Konsult, 1997). This processing plant discharges 470 m3 of waste water daily inta the
river (Schema Konsult, 1997).
The Department of Environment and Natural Resources (1996) characterised
the effluents from 14 facilities for acidity (pH), colour, biological oxygen demand
(BOD), dissolved oxygen (DO), settleable solids (SS) and total suspended solids. The
data shows the differences in the degree of treatment. From 11 facilities analysed for
BOD, six bad concentrations > 100 mgIL and three bad concentrations between 50
and 100 mgIL. The highest reading for BOD was 573 mgIL. Effluent samples from
thirteen (13) facilities were analysed for TSS: five bad concentrations >100 mgIL,
with the highest reading at 804 mg/L; two bad concentrations between 50 and 100
mgIL. Among the 7 facilities analysed for DO, 5 bad no dissolved oxygen in the
effluent (BRWMP, 1996). These data confirm the serious threat that these discharges
pose to the river. Comparison of DENR's effluent data and Class D effluent standards
(DENR Administrative Order No. 35) for existing sources indicate that four facilities
exceed the 150 mgIL standard for BOD and 3 facilities are in violation of the 200
mgIL TSS standard. Discharges of five facilities have zero dissolved oxygen, however
effluent standard for this parameter does not exist.
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Electroplating industries are the major sources of heavy metal pollution in
Butuanon River (Badilla, 1993). Trace metals are easily precipitated from the water
and are concentrated in the sediments (Mendoza & Suico, 1995). Chemical
characterisation of effluents from electroplating industries along Butuanon River
(Badilla, 1993) further affirms the insolubility of heavy metals in water. Cr+6and Zn+2
concentrations of the wastewater were far greater than the concentration in the river.
The geometric means of Cr+6and Zn+2concentrations in four river stations were
much lesser than the Philippine Water Quality Criteria for Class D Water. Substrate
quality of Butuanon River dedines as heavy metal deposition increased. Bottom
dwelling aquatic organism are highly sensitive to these contaminants.

Chemical parameters of pollution
Biological oxygen demand (BOD) was used to assess the extent of pollution
in the river. The major sources of organic pollutants are the food manufacturing
industries, poultry farms, small-scale animal husbandry, and households. An input of
high amount of organic matter inta the river will enhance microbial activities.
Bacterial respiration depletes the oxygen dissolved (DO) in water, resulting in an
anaerobic condition.
The input of organic compounds from domestic refuse and sewage, industrial
effluents and runoff increases the amount of total phosphorus in the river.
Conductivity reflects the amount of ions in water. This measure increases with an
input of leached minerals. Flowing through the coastal plains of Mandaue City, maTe
substances are leached and washed from the residential and industrial zones.

Negative feedback
Fine suspended solids carried by runoff make the river turbid. Turbidity of the
water reduces primary productivity due to decrease light penetration. Furthermore, the
accumulations of day, mild and fine stolle aggregates make the river bed compact.
Besides food shortage due to low primary productivity by photosynthetic plankton and
algae, aquatic fauna are deprived of shelter, anchorage and breeding places that were
once provided by instream loose stones and boulders.
High values for conductivity and BOD indicate a dedine in water quality.
Highly polluted surface water may lead to the contamination of ground water.
Problems on the supply and quaiity of freshwater will then be felt by the people who
share the same aquifer, not only those living in Mandaue City hut also those in
adjoining cilies and municipalities.
Low oxygen concentration in the water is detrimental to the survival of
oxygen-demanding aquatic organisms such as shrimps, fishes and oxygen-demanding
macroinvertebrates. The absence of these organisms indicates the deterioration of the
aesthetic and recreational value of the river.
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A highly polluted river adversely affects the ambient air quality of the vicinity.
From the river, emanate foul odour that causes human health problems, thus creates
inconvenience in human affairs and reduces the quality of life. In the local newspaper
(Sunstar Daily, 26 May 1998), the residents of Greenhills Subdivision along Butuanon
River expressed their complaints regarding the persistent unpleasant odour in the area.
The urban poor that live in small make-shift shanties along the river find the
highly polluted river useful. In Pit-os, Bacayan and Cambogaong, people were
observed digging a small, one-foot deep hole at the river bank where seemingly
freshwater is collected. They use the water for laundry and bath. It was also stated that
a few individuals fish occasionally in river pools for household consumption. The risk
for human health problems is very high among these people. Since they belong to the
lowest stratum of the society, their plight is least considered.
3.2

Chemical characterisation of the river

In 1993, high levels of mercury were recorded in sediments and river water at
downstream Cambogaong area. The amount of precipitated metal is proportional to
the concentration in the water. Possible sources of elemental mercury are Hgamalgam containing batteries and photographic waste (Mendoza & Suico, 1995).
Heavy metal (Cd, Cr, Cu, Ph, Ni, Zn) concentrations in eight stations in
Butuanon River were monitored from Aug. - Dec., 1992 and April - Sept. 1995 by
DENR (Appendix 5). There is a very wide range of values for all metals, inferring that
there were pulses of heavy contamination in the river. Mendoza & Suico (1995)
observed that trace metals in Butuanon River are usually insoluble in water and are
easily precipitated in sediments. This supports the fact that the concentrations of
heavy metals downstream are low although values recorded in upstream waters were
high. There were also pulses of high concentrations that were berODd Class D
Standards: Pilit for Cd, Cu and Ph; Canduman for Cr+6and Cu; Bacayan for Cu.
Levels for Cu in two upstream areas, namely Dita and Pulang Bato were always eloge
or higher than the standard. There are no existing standards for Ni and Zn. Highest
reading for Ni and Zn in the industrial zone of Mandaue were in Pilit and Canduman
respectively.
BRWMP (1997) monitored the chemical characteristics of the river from May
1996 to June 1997. The graphs in Figure 5 show the chemical characteristics of the
river at eight established sampling points. Total suspended solids (TSS) measures the
amount of solid partieles in every litre of water. The peak values for total suspended
solids (TSS) were in stations Olle(1) and five (5). Turbidity of the water in the upper
stretches of the river is primarily caused by the upiand quarry and stolle crushing
facility; soil erosion from the bulldozed area of Sta. Lucia subdivision, and collection
of stones from the river for construction purposes. There is a sudden dip in TSS value
in station two (2) because of the presence of a concrete embankment few meters
upstream. This structure provided an area for the settling of solid partieles in the
water. The highest average TSS value at station five (5) is due to intensive extraction
of sand and gravel, few meters upstream.
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The extent of pollution in Butuanon River can be measured by chemical
parameters such as bio1ogica1oxygen demand (BOD), disso1ved oxygen (DO), total
phosphorus (TP), conductivity and total suspended solids (TSS). Domestic sewage
and industrial wastewater contain comp1ex organic compounds. Its discharge into
Butuanon River redliGeSthe amount of disso1ved oxygen, primarily duc to aerobic
bacterial decomposition of organic substances to simple compounds. Bio1ogica1
oxygen demand (Busch, 1966) is defined as the oxygen requirement for comp1ete
conversion of all biodegradab1e carbon to CO2 and water. In the DENR
Administrative Order No. 35, BOD is referred to as a semi-quantitative measure of
wastewater organics and as a standard test in assessing wastewater strength.
Phosphate is Olleof the products of bacteria1degradation of organic compounds. It is
a1so a component of c1eaningdetergents. Determination of total phosphorus gives an
estimate of the amount of organic and inorganic phosphorus in the river. River
pollutants can a1so be in the form of fine solid particles or charged ions. Total
suspended solids (TSS) measures the amount of inso1ub1eparticles while conductivity
estimates the concentration of disso1vedions in water.
The increasing trend of the mean va1ues for BOD, Conductivity and Total
Phosphorus downstream, indicate the accumu1ationof pollutants. A consistent dec1ine
of disso1ved oxygen from station Olle(1) to eight (8) further support this inference. A
high amount of pollutants is introduced between station seven (7) and eight (8). There
are 15 industries between Tingub and Butuanon sampling stations that discharge their
effluents into the river (Appendix 6). Nine of these industries are c1assified as food
manufacturing. Wastewater treatment facilities are either absent (Schema Konsult,
1997) or poorly maintained (BRWMP, 1996). BOD, Conductivity and Total
Phosphorus in station eight (8) showa peak that is far beyond the mean va1ues
recorded in the upstream stations.
The chemica1 parameters show that Butuanon River is high1y degraded. The
1eve1of total suspended solids in any point of the river is beyond 60 mg L-l standard
for C1assD surface water (DENR, Administrative order no. 34), indicating intensive
loading of pollutants. The water is unsuitab1efor livestock, agricu1tura1and industrial
purposes. Va1uesfor disso1vedoxygen (DO) from stations five (5) to eight (8) are far
be1ow5.0 mgIL standard if the designated lise of the river is fishery (Schind1er, 1987).
Based on the DENR standard for DO, on1y station eight (8) can be c1assified as
inferior to Class D thresho1d (3.0 mg L-l). However, if BOD and total phosphorus
va1ues are considered, the upstream section of the river, that is, from stations Olle(1)
to four (4), can be c1assified as Class C surface water, having a standard of 7 mg L-l
and 0.4 mg L-l respective1y.
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Figure 5. Chemical characteristics of Butuanon River.
Note: The numbers in the x axis represent the samplings stations: 1- Pitos
(upstream), 2 - Bacayan, 3 - Canduman, 4 - Pi/it 1, 5 - Pi/it 11,6 - Greenhills,
7 - Tingub and 8 - Butuanon (downstream).
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3.3 Biological characterisation of the river
Habitat assessment supports the analysis of biological metrics. Physical
alteration of the habitat has a direct effect on the ecological integrity of the river.
Species composition of aquatic fauna will change with habitat destruction. Organisms
will be deprived of adequate shelter, anchorage and breeding places as soon as
instream loose materials are removed and the substrate is made compact. Riffles
enhance the solution of oxygen in water since these are areas where the water comes
in greater contact with the air. Excavation of sand from the river increases pool
frequency and water depth that will ultimately reduce the diversity of
macroinvertebrates, specifically those that are adapted to live in shallow, oxygen-rich
riffle zones of the river. Dense riparian vegetation composed of trees and shrubs
affects the river micro-climate by trapping solar energy. Plants serve as a shield that
prevents direct solar irradiation of surface water. It also promotes river bank stability
through its root system. Erosion of soil from the banks makes the water turbid,
reduces the penetration of light in the water, thus reducing primary productivity. This
will cause an adverse effect on the survival of aquatic fauna that depends on
photosynthetic organisms for food.
3.3.1

Habitat assessment

Habitat scores increase as habitat quality increases. Figure 6 shows the total
habitat scores for the eight river stations. There is no marked difference in habitat
quality in the eight sampling points of Butuanon River. The habitat scores fall within
a narrow range (51 to 98), with an average of 79 points, which is lesser than half of
the maximum possible score (200). The values show that the habitat is poor in
Butuanon River. Human activities have physically altered the natural river habitat.
Station one (1) that is situated in the rural area of barangay Pit-os has the
highest habitat score. Here, the river is wide with shallow banks. The substrate is
made up of loose materials and riffle frequency is relatively high. Soil erosion from
bulldozed areas and quarry sites; and instream collection of stones for construction
purposes are the major threats to habitat destruction in this section of the river.
Station 6 (Greenhills subdivision) has the lowest habitat score. There is severe
erosion of the steep banks in this portion of the river, as indicated by scoUTing of the
substrate. Loose stones and gravel have been washed downstream. To prevent
landslides and subsequent damage of residential houses in Greenhills subdivision, a
concrete wall was built to stabilise the river bank. Accumulation of settleable solids
from industrial effluents and domestic sewage form a layer of black sludge at the
bottom of the river. During the dry season, when there are no flood waters to wash the
river, the sludge becomes very think and foul odour fills the air. The riparian
vegetation is primarily composed of perennial herbs and grasses that grow in an
unstable alluvium soil.
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Figure 6. Habitat scores for the eight river stations.

Epifaunal substrate, embeddedness and instream cover
The aquatic animals collected from Butuanon River live on the surface of the
substrate. As such, these organisms can be classified as epifauna. The bottom
substrate serves as habitat to support aquatic organisms. The tYre of substrate affects
the composition of resident species. Plafkin, et al. (1989) considered that the presence
of rock and gravel in flowing streams is the most desirable habitat.
Substrate embeddedness is the portion of boulder and cobble substrate (4.5 to
30 cm) that is below the plane of the stream bottom and embedded in fine sediment (:S;
0.63 mm). Substrate embeddedness is a reliable measure of interstitial grace habitat
that is significant for macroinvertebrates (Oregon Department of Environmental
Quality, 1997). The degree to which boulders, rubble or gravel is surrounded by fine
sediment indicates the stability of the stream substrate as habitat for
macroinvertebrates. Embeddedness increases with sedimentation. Silt fills the graces
among rocks and grave! that must have been areas for shelter, anchorage and breeding
of most macroinvertebrates. Once stones are complete!y embedded in stilt, mud or
sludge, the hygropetrical fauna will be deprived of their habitat. These organisms are
those that live in the thin film of water surrounding the surface of partially exposed
stones (Brown, 1971). In stations Olle (1), two (2) and three (3), the substrate is
generally composed of loose stolle aggregates. There is progressive siltation from
stations Olle (1), two (2) and three (3). From station four (4) to eight (8), a larer of
grey to black sludge and slimy materials increasingly accumulates at the surface,
forming a thick larer anaerobic substrate.
Instream cover such as logs, tree roots, submerged or emergent vegetation and
undercut banks may provide the niches required for community support (Plafkin et al.,
1989). In the rural stretches of Butuanon River, small drift woods, plant debris and
leaves of bamboo and other riparian grasses serve as instream cover. They protect
aquatic fauna from direct solar radiation. Aside from providing shelter, adrifted food
can also be trapped in the mesh of plant debris, making it accessible for
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macroinvertebrates. Farther downstream as the river flows through the densely
populated areas of Mandaue City, instream cover is composed of non-biodegradable
materials such as plastics, till cans and bottles.

Channel sinuosity, flow status and alteration
The original physical structure of Butuanon River has been changed through
the years. Where the river passes through a subdivision (for example in Villa del Rio
and Greenhills), its banks are made stable by a concrete wall of approximately 10
meters high. In station two (2) and eight (8), a concrete embankment was built across
the river to reinforce the stability of Bacayan Bridge and Butuanon Bridge
respectively, by preventing excessive erosion of the banks. Farther downstream of
station two (2), a stolle craft industry put up a concrete wall to prevent landslides and
maximised the use of the land by the river.
A river with riffles and beDdsprovides more diverse habitat than a straight or
uniform depth river. The extraction of sand and gravel in station four (4) has
straighten the river channel, thus reduces sinuosity (curves) and the frequency of
riffles. The change in channel morphology increases stream velocityand the potential
for scouring (Plafkin et al., 1989). Severe sedimentation downstream indicates large
scale erosion in Butuanon River watershed.

Bank vegetative proteetion, bank stability and riparian vegetation
River banks that are fully covered with dense vegetation are usually stable.
The ability of vegetation on the banks to prevent erosion is an important determinant
in channe1 stabilityand instream habitat for aquatic organisms. Butuanon River cuts
through alluvial soils. Alluvial deposits are loose and easily eroded once vegetation
cover is removed. The natural riparian vegetation of Butuanon River has been over
exploited. For fuelwood and building purposes, people living along the river cut
bamboo poles and woody trees indiscriminately. At present there are few small
patches of bamboo thickets (Bambusa spp.); stenophyllous plants (for example
Neonuclea spp.) that can withstand inundation; secondary growth of Ipil-ipil trees
(Leucaena spp.) and castor beans (Ricinus cummunis). Most part of the river banks is
covered with perennial grasses and herbs.

3.3.2

Biological index

Biological characterisation reveals the summation of past conditions of the
river. The aquatic fauna provides a record of the prevailing state, not the pulses of
polluting effluents. Gaufin (1973) further observed that qualitative and quantitative
composition of aquatic population is determined by recurring critical conditions, even
though of short duration as well as the more stable or long-term environmental
factors. The complex of organisms that develops in a given area is, in tum, indicative
of environmental condition that have occurred during its development.
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The biological index used in this study is a composite of several metrics
(Table 3). As a multi-metric index, it measures the attributes of the biological
assemblage (Karr, 1996) that is a result of the impairment in function and alteration of
community structure in Butuanon River. A single metric will have insufficient
sensitivity to stress because of the complexity of biological systems and the diversity
of factors responsible for degradation. futegration of aspects of different indicators is
important to create a more robust approach to biological monitoring (Karr, 1990). The
lise of aquatic organisms as indicators of pollution must consider the different
indicator organisms as biological associations or communities (Gaufin, 1973).

Biometrics are interpreted based on values assigned to each site. fu Butuanon
River the sampling points are scored 1 (degraded), 3 (moderately imparied), 5
(slightly impaired) and 7 (undisturbed) for each metric. Due to high human impact at
any point in the river, a score of seven (7) was not assigned. The score for each
sampling point is based on the characteristics of the metrics and trend analysis. The
analysis of the graphs in Figure 7 makes lise of the fact that community structure
changes in three ways in response to stress (Gray, 1989): reduction in diversity,
retrogression to dominance by opportunist species and reduction in mean size. Figure
7 presents the graphs of the different biological metrics.

Taxa richness and composition (Total taxa richness, Trichoptera, Odonata)
Taxa richess is expressed in terms of number of taxonomic families and
species. Taxa richness in station Olle(Pitos, upstream) is comparable to station three
(Canduman). There is a progressive dec1ine in taxa richness from station three
(Canduman area) to station eight (below the Butuanon bridge; downstrearn). Dec1ine
in total taxa richness is Olle of the most reliable indicators of degradation for
invertebrates (Ohio EPA, 1988; Kerans & Karr, 1994; DeShon, 1995). A rise in taxa
richness in station three (3) indicates a slightly better condition for the survival of
more types of aquatic fauna (for example dragonflies, riffle hugs, damselfies, snails)
that are moderately tolerant to organic pollutants. The loose substrate at the riffle zone
provided adequate habitat for these organisms. The presence of a concrete
embankment across the river a few meters upstream of station two (2), enhance the
settling of solid partic1es carried by the water farther upstream, thus reducing the
amount of suspended solids in the water downstream. The variety and abundance of
macroinvertebrates in this station reflect the favourable effect of organic enrichment
from the sewage from Villa del Rio subdivision (newly established settlement) and
relatively constant flow of water from the spill way. Immature forms of dragonflies
and damseflies were abundant in this station. McDonald, Mullins & Lewis (1991)
observed that in streams, dragonflyand damselfly nymphs (Odonata) exist in a wide
range of conditions. They are moderately sensitive to organic pollution.
Caddisfly (Trichoptera) easily separated the good sites from the poor sites. The
number decline as disturbance increased (Fore & Karr, 1996). A high number of
caddisflies were found in station three (3). Pollutant loading downstream between
stations two (2) and three (3) is minimal except during the cain when runoff carries
with it solid waste and leaeheates from seattered households; small-seale metat erafts,

-
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stolle crafts and animal husbandry. Caddisfly pupa and larvae are slightly sensitive to
organie stream pollution.

Tolerance (Percent midges, Bacterial count)
Midges (Chironomidae and Ceratopogonidae) were found throughout the river.
The total DumheTof midges progressively increased in stations flve (5) and six (6). A
dec1inein the DumheTof midges in station eight (8) reveal that at worst condition, the
abundance of tolerant species is affected adversely.
The extent of fecal contamination in Butuanon River can be evaluated using
the DumheTof fecal coliform (e.g. E. coli) forming tillits . This type of microorganism
is normally present in the digestive tracts of animals and is present in the excreta.
Fecal matter is introduced into the river through direct discharge of wastewater from
poultry farms and piggeries.Duringheavyrainfall,runoff washed away the feces of
domestic animals and humans that are improperly disposed. Leakage from household
septic tanks also increase the fecal contamination of the river.

Feeding ecology (Percent predator)
The predators found in station 1 (one) and 2 (two) were the those belonging to
order Hemiptera (riffle hugs, shore hugs and water boatman), and Odonata (damselfy
and dragonfly). These organisms feed on small insects that inhabit or adrift in the
riffle. Among the predators, dragonfly nymphs were the most abundant. With the
biggest body size and wider food preference, they have the advantage over other
predators in terms of competition for food. The predators can live in the riffle as long
as conditions for the existence of insect prey are favourable. Dragonflies, damselflies,
riffle hugs, shore hugs, water boatman are slightly sensitive to stream pollution. Their
presenee in the riffle zones of the river indicates slightly impaired condition. However
there are predators that can live in highly degraded section of Butuanon River. The
mature forms of water boatman (Family Corixidae) were the major predators in
stations seven (7) and eight (8). Their DumheTsare far less than the predators in
stations Olle(1) and two (2). The food preferences of these predators were not only
small insect larvae hut also bacteria. Bacteria proliferate in a condition where organie
pollution is high. They are important in the decomposition of organic matter.

Population attributes (Abundance, Percent dominance)
Abundance of macroinvertebrates generally decreases with degradation.
Stations two (2) and four (4) had the highest DumheTof macroinvertebrates collected.
In station two (2) abundance is positively correlated with high taxa richness while in
station four (4), high proliferation of midges, mayflies and snails accounts for high
abundance. Very high abundance may also indicate degradation, particularly in areas
where nutrient enrichment affects invertebrates (Fore & Karr, 1996). Input of organic
matter from residential areas proximate to stations Olle (1) and two (2) enhance
primary productivity. Sufficient amounts of algae and plankton favour the existence of
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scrapers and herbivores, particularly the snails (Lymnaeidae). While in stations six
(6), seven (7) and eight (8), organic loading is high that the river bed is covered by
thick sludge. The primary function that takes place is anaerobic bacterial
decomposition. Midges that feed on bacteria and detritus are adapted to live in this
condition. Low competition and predation further enhance the proliferation of midges.
But high levels of contaminants in the Butuanon River adversely affect the population
of midges, though they are regarded as the most pollution-tolerant. Per cent
dominance of midges has dropped by 15 % in station eight (8) as compared to station
seven (7). Table 4 shows the biometrics scores of the sampling stations. The scores
are based on trend analysis. The graphs of biometrics in Figure 7 present the gradient
of biological characteristics in Butuanon River.

Table 4. Summary of the biological metrics.
Metrics

Scores of river stations
3
4
5
6

1

2

7

8

Taxa richness

3

5

3

3

3

3

3

1

Abundance

3

5

3

5

1

1

1

1

Trichoptera

3

3

5

3

1

1

1

1

Odonata

3

5

1

1

1

1

1

1

Percent midges

5

5

5

5

5

1

1

1

Percent dominance

3

3

3

3

3

1

1

1

Percent predator

5

5

3

3

3

3

1

1

Bacterial count
TOTAL

5
30

5
36

5
28

5
28

3
20

1
12

1
10

1
8

-
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3.4

Zonation of Butuanon River
3.4.1

Matrix of biological integrity (MBl)

The matrix of biological integrity (MBl) is formed by habitat quality index and
multi-metric biological index (Figure 8). MBl presents a framework wherein river
stations are evaluated as to extent of impairment based on the scale of physical
alteration of the natural habitat and complexity of biological assemblage that is shown
in Figure 9. The eight (8) sampling stations of Butuanon River are classified
according to the location of the points in the matrix. The seattered piet in Figure 9,
shows clusters of points where the classifications of river stations are derived. Table 5
shows the classification of river stations and their corresponding location.
Table 5. Classification and location of river stations.
Classification
Degraded

River station
8
7
6

Location
Butuanon Bridge (downstrearn)
Tingub
Greenhills

Moderately impaired

5
4
3

PilitIl
Pilit I
Canduman

Slightly impaired

2
1

Bacayan
Pit-os (uEstream)
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There is ambiguity in the classification of stations three (3) and four (4) that
falls at the boundary of two different categories namely, moderately impaired and
slightly impaired. Verification of clusters was done using the Jaccard coefficient. The
coefficient discriminates between highly similar collections. Coefficient values
ranging from O to 1.0 increase as the degree of similarity between two stations. In
table 6, the coefficients indicate a degree of similarity among stations three (3), four
(4) and five (5). However there is a limitation to this analytical too!. It only accounts
for the kinds of species that are present and absent hut do not include the abundance.

Table 6. Jaccard coefficient of selected sampling stations.
Paired stations
3 and 4
3 and 5
4 and 5
4 and 1

Coefficient
0.57
0.67
0.57
0.53

Remarks
similar
similar
similar
less similar

Nate: Coefficient values increase as the degree of similarity.

3.4.2

Biological indicators: species composition and community structure

In Butuanon River, most macroinvertebrates are aquatic insects in ils juvenile
forms and snails. Nematodes are also found hut limited in downstream sampling
areas. The immature forms of aquatic insects are good indicators of river quality. They
teDdto stay in the same area and become adapted to the particular habitat. Thus, their
existence depends on food availability, substrate and water quaiity, and presence of
predators. Their population change rapidly enough in response to these limiting
factors indicating environmental degradation (Odum, 1971).
Benthic macroinvertebrates can be classified based on their tolerance to
pollution. Dominance of mayfly, caddisfly and riffle beetle signifies good water
quality (McDonald, Mullins & Lewis, 1991). However the presence of these taxa
denotes high oxygen supply since these are gill-breathing macroinvertebrates and are
therefore dependent upon dissolved oxygen for their respiratory needs (Gaufin, 1973).
But these organisms can tolerate low levels of dissolved oxygen since they have four
different respiratory structures namely, caudal tracheal gills, rectal folds, integument
and spiracles (Thorp & Covich, 1991).
Macroinvertebrates that live in septic zone under low water condition,
included such forms as mosquito larvae, rattail maggots, horsefly larvae, water
scavenger beetles, water boatman, pulmonate snails, (Gaufin 1973), midges, black fly
larvae, leeches (McDonald, Mullins & Lewis, 1991), sludge worms and pouch snails
(Gaufin, 1973; McDonald, Mullins & Lewis, 1991). Dominance of these organisms
indicates poor water quaiity. Pollution-tolerant organisms dominate in degraded
situations because of low competition with other macroinvertebrates (McDonald,
Mullins & Lewis, 1991).

-

-
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In Butuanon river, midges (Chironominidae and Ceratopogonidae) were
found in all stations from September 1996 to February 1997. The number of which
varies from one (1) in station three (3) in September to 2063 in station seven (7) in
February. Midges were absent in station one (1) in the months of March and April and
in station three (3) in May. The wide fluctuation of the number of midges in
Butuanon river indicates pulses of discharges and dilution during heavy rainfall. In the
degraded zones of the river, that is, from stations six (6) to eight (8), dominance of
Chironomidae were 69, 91 and 76 per cent respectively. Midges occur in huge
number. The total number of midges in station six (6) was 1902. The number
increased to 2846 in station seven (7). Increased septic condition in station eight (8)
caused the dec1ine in the number of midges to 1164. Extreme pollution affects the
abundance of even the most pollution tolerant forms of macroinvertebrates.
Gaufin (1973) reported that the following macroinvertebrates were found in
the septic zone of the river under low water condition: mosquito larvae (Culex sp.),
rattail maggots (Eristalis sp.), horse fly larvae (Tabanus sp.) and water boatman
(Hesperocorixa sp.). All these organisms were also collected from stations six (6),
seven (7) and eight (8) of Butuanon River. Other species that were collected
exc1usively in these stations belong to order Diptera (Family: Ephydridae,
Psychodidae, Stratiomyidae) and Hemiptera (Family: Veliidae). This group of
organisms has adaptive mechanisms to withstand low oxygen concentration in water.
Dipteran larvae are capable of direct gaseous exchange through the thin body wall.
Rattail maggot has a telescopic breathing tube that can be extended in deeper water so
that it reaches the surface (Brown 1971). They feed on bacteria and detritus (Thorp &
Covich. 1991) found in the sludge-laiden substrate. The presence of dipterans meant
that the trophic system consisted purely of detritaI tyre of food chain.
Hawkes (1957) maintained that the absence of organisms may be more
important indication than the presence of other species. The community of organisms
should be taken into consideration in support to the absence of one or few indicator
organisms. Butuanon River can be divided into zones based on the biological
characteristics that reflect varying degrees of impairment. To each category, species
combination of indicator species can be assigned (Table 7) and community structures
can be constructed (Figures 10, 11 and 12).

Slightly degraded (Stations 1 & 2)
Absence: round worms (Nematoda)
Presenee: Most macroinvertebrates are present
Beetles (Coleoptera) ~ 5 individuals in every sampling; always present
damsel flies (Odonata) ~ 5 individuals; not always present
dragon flies (Odonata) - variable (range: 1 to 23 individuals)
caddisfly (Tichoptera) - variable (range: 1 to 280 individuals)
mayflies (Ephemeroptera) - variable (range: 1 to 317 individuals)
snails (Planorbidae, Lymnaeidae, Thiaridae, Pleuroceridae) - variable
Pleuroceridae - only present in stations 1 & 2
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Community structure

hI the upstream stations Olle(1) and two (2), snails (Lymnaeidae, Thiaridae)
dominance was 49 to 82%. It is also in this stretch of the river where the number of
predators that feed on small insects was the highest (Trichoptera, Odonata,
Hemiptera). The food base is composed of algae and plankton. The community of
aquatic invertebrates that is shown in the pie charts below is basically composed of
STIanS

- D, flies

(all diptera) - C, mayflies - E, and caddisflies - F.

Station 2

Station 1
c
E 6%
F3%
4%

G
1%

D
50%
E
18%

F
12%

Figure 10. Community structure of slightly degraded section of the river.

Moderately degraded (Stations 3, 4, 5)
Absence: nOlle

Presenee: All macroinvertebrates in Butuanon River are present.
dragon flies, damsel flies (Odonata) > 5 individuals
caddisfly (Tichoptera) > 500 individuals
mayflies (Ephemeroptera) > 2000 individuals
sTIanS(Planorbidae, Lymnaeidae, Thiaridae, Pleuroceridae)

- variable

worms(Nematoda)- variable
Community structure
Pie charts constructed from per cent occurrence show the community structure
of stations three (3), four (4) and five (5). The major group s of invertebrates in this
type of organisation are the flies (Diptera with Chironomidae dominance of 8 to 27
%) - C, sTIanS(Planorbidae, Lymnaeidae, Thiaridae, Pleuroceridae; with Thiaridae
and Lymnaeidae dominance of 59 to 60%) - D; and mayflies (Heptageniidae, with 12
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to 21 % dominance) - E. The food web in composed of interlocking short food chains,
having algae, plankton and bacteria as the food hage.

Station 3

Station 4
G
2%

C
10%

E
12%

D
61%

Station 5
G
1%

D
17%

Figure

C
61%

11. Community structure of moderately degraded sections of the river.

Degraded (Stations 6, 7, 8)
Absence: dragon flies, damsel flies (Odonata)
caddisfly (Tichoptera)
mayflies (Ephemeroptera)
Presenee: midges, flies (Diptera); worms (Nematoda) - always present
beetles (Coleoptera) ~ 3 - not always present - variable
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Community structure

The invertebrates in stations six (6), seven (7) and eight (8) form a simple
community structure. The type of food chain is detritus, wherein decomposing organic
matter and bacteria serve as the food sources. Bacterial count of the water sample
from these sections of the river was highest (E. coli ~ 200,000). The dominant type of
macroinvertebrate in this community is the midge, particularly those that belong to
family Chironomidae (per cent dominance is 69 to 92%). Other flies (Diptera) are
also found hut the number is small and variable. The pie charts that follow show the
typical community structure of the macroinvertebrates in degraded sections of
Butuanon River (midges - A, other flies, Diptera - B, other organisms - G).

Station 6

Station 7

A
92%

Station 8
G
6%

A
87%

Figure 12. Community structure of degraded sections of the river.

--
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Table 7. Species combination of indicator species for each category.
Status

Present

Absent

4

Bioindicators in different categories of impairment
Slightly impaired
Moderately
Degraded
impaired
most
all
roundworms, midges
macroinvertebrates
macroinvertebrates
and other dipteran
(not always)
specIes
round worms
nalle
dragonflies, mayflies,
damselflies

Implications to sustainable watershed management

The most critical need in the solution of water resource problems is to develop
monitoring, assessment, regulatory and restoration approaches that evaluate the
complex dynamics of degradation. Biological integrity is the primary goal in
watershed management. Strategies can be formulated to bring back the capability of
the system to support and maintain abaianced, integrated, adaptive community of
organisms having a species composition, diversity, and functional organisation
comparable to that of natural habitat of the region (Karr & Dudley, 1981). Once these
attributes of the watershed are established; aesthetic, cultural and utilitarian benefits to
human society are also restored.
Landscape scale approaches are important in managing the watershed since
human impacts are applied at this level. Catchment areas, riparian zones and
floodplains are criticallandscape components linking aquatic and terrestrial systems.
They regulate aquatic habitat formation, as well as entry of water and nutrients and
organic material inta the river (Gregory et al., 1991).
Sustainable management of Butuanon River watershed should consider a
holistic and interdisciplinary approach. ffi view of the entire watershed system, the
causes of degradation has to be addressed. Feasible strategies to rehabilitate the
watershed rest on the people's conviction of the interlocking loops of ecological and
economic aspects of the watershed. Only at this level where maximum participation
among various sectors of the society can be solicited.

4.1

Watershed system
4.1.1

Sources ofpollutants

Upland agriculture
Adoption of sustainable farming practices such as: contour farming and
contour hedges to reduce soil erosion; green manuring wherein legumes are planted to
increase the nitrogen content of the soil (e.g. crop rotation, intercropping); lise of
organic fertilisers (e.g. composting of agricultural wastes); planting of crops for local
consumption specially those types that do not need the intensive lise of pesticides,
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fertilisers and water (e.g. indigenous varieties of corn, banana, vegetables, pineapple
fmit trees, cassava, sweet potato, yam, ginger); and the use of biological pest controi
agents, specially for cutflower and mango production.
Upland quarry and hillside estate development
Huge profits are generated in estate development and stolle quarry. Though
economically promising, these activities cause severe erosion and subsequent siltation
of river beds. It is then imperative to impose economic sanctions on the investors. The
local government of Mandaue City can legisiate an erosion tax to these lucrative but
environmentally threatening business.
Land c1assificationin Cebu City and Mandaue City should delineate watershed
areas (inc1uding catchment and riparian zones) as protected, that no estate
development nor quarrying activities be allowed. This must be a challenge to the
lawmakers since there has always been a preferential option for developmental
activities in the city.
Households
Participation in the conservation of water and proper waste disposal; design of
septic tanks (e.g. c1ose bottom design) to prevent contamination of ground water;
vigilance in protecting the environment by reporting to authorities for any violation of
anti-pollution law; planting of trees in the neighbourhood; parents to inform or
educate their children on environmental cancerns; and pay taxes religiously.
Industries
Of the 32 member industries in Butuanon River Industrial Community (BRIC),
18 are still in the process of complying with anit-pollution requirements but cannot
definitely meet the December 1998 deadline (Sunstar October 1998). The installation
of wastewater treatment facility is not the ultimate solution for reducing the pollution
load of the river. Industries must consider c1eanproduction through the assessment of
production processes and identify areas where there can be minimisation of the use of
toxic compounds and generation of wastes; conservation of water and energy; and
optimum utilisation of raw materials. These approaches can be facilitated through
industrial benchmarking and material flow analysis. Equally possible is the idea of
industrial ecology. Given enough time and will, BRIC can map out their linkages and
define strategies by which the wastes of Olleindustry become an input to the other.
4.1.2

Habitat rehabilitation

Catchment areas
Identification of recharging zones in the upiand and intensification of
reforestation in those areas are necessary. Dargan-tes (1998) proposed just
compensation to farmers for every tree planted in the watershed. In this concept, trees
are seen as "production plants" for its water-holding capacity. Trees in secondary
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growth forest can retain 70% of the rainfall as compared to 20 % in agricultural areas.
Depending on the area, the number, species, size of trees and their water-holding
capacity factors, a tree farmer can eam a minimum of 500 V.S dollars annually for
every hectare planted with 1,600 trees. This amount is comparable to their eamings in
agriculture. Since farmers are assured of financial returns, they are encouraged to
plant and protect the trees. Tree farming can also provide long-term economic returns
to the govemment and most specially MCWD who is directly generating income from
water distribution in Metro Cebu.
Indigenous timber species are suitable for reforestation of watersheds. These
species promote slope stabilisation, controI soil erosion, improve the water-holding
capacity of soil, enhance rainwater infiltration, provides habitat for endangered
species (Seidenschwarz 1995) and promotes soil formation. The timber species
suitable for watershed reforestation are listed in Appendix 10.
Riparian zone
There is a need for the establishment of a riparian zone that serves as a buffer.
The width of the riparian buffer strip can be determined using the method
recommended by VNEP, GRill (1998). The processes that occur in these areas
inc1ude sedimentation, microbial and chemical decomposition, organic export,
filtration, adsorption, complexation, chelation, biological assimilation, and nutrient
release (VS EPA - 2). The vegetation cover in this zone, function as follows (Cohen,
1994):
Removal of suspended solids, nutrients, and other contaminants
from runoff
Enabling precipitation and runoff to infiltrate the soil and pass
through to the water table (the "surface" of the groundwater).

A barrier to help slow down and deter suiface wafer runoff after
rainfall thus providing additional timefor infiltration to rakeplace.
Acts as a living filter to help prevent groundwater contamination
by intercepting and absorbing excess nutrients (e.g. nitrogen ions
from the leakage of septic tanks) , sediment and other pollutants
(e.g.) pesticides carried along in runoff before it percolates down
to the wafer table.

The establishment of the river buffer zone is a challenge for the government
due to the present landuse pattern along Butuanon River. A number of urban poor
lives in small shanties by the river. Estate developers and industrial proprietors have
maximised the use of land along the river. Though in principle the riparian zone is
ideal for sustainable watershed rehabilitation, it seems impossible to implement this
strategy in Mandaue City in the next 10 years.
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Riverbed and riverbanks
The extraction of sand and gravel from the Butuanon River beds should be
halted. This has drastic effect on the ecological integrity to the river. To meet the
demand of infrastructure development, stolle aggregates must be collected from deltas
of rivers in remote areas of the province, where groundwater supply has not been a
problem.
Biological engineering of the river banks is possible if the buffer zone can be
established. Improved vegetation cover at the riparian strip can promote stability of
alluvial deposits. Perennial grasses can be planted first that will serve as nurse plants
for stenophyllous tree species. This type of trees is weIl adapted to seasonai
inundation during flush floods at the same time can develop an elaborate network of
roats that holds the topsoil.

4.2 Environmental awareness
Information dissemination on the following environmental protection
strategies through mass media, schaDIsand universities, and community fora:
Wafer conservation: installation of roof gutters to collect rainwater that can be
used for plants, toilets and c1eaningpurposes; use of basins while washing c1othesand
dishes; rationing of water for each household (for example 0.150 m3d-1per person)
based on MCWD estimate (Appendix 4);
Wastes disposal: recyc1eand reuse of glass and plastic containers; compaction
of waste plastic bags; composting of household refuge and garden waste; burr dead
animals; municipal sewage treatment facilities; industrial wastewater treatment
facilities,
Recharging of groundwater: use of bricks instead of concrete pavement of
roadsides and alleys; provision for open, green areas in all estates and industrial area
(e.g. Ayala industrial park - commercial area in Cebu City that has a park layout);
reforestation of the upiand; construction of small gabions dams to rehabilitate scoured
river beds by impounding sediments.

4.3

Role of the government

Pass ordinance on: compulsory rainwater collection system to all new
buildings (residential, commercial and industrial); ron-off water impoundment to all
residential subdivisions;
Impose the following economic measures: pollution tax to industries; erosion
tax from estate developers and quarry companies; penalties for individuals disposing
solid waste inta Butuanon River;
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Initiate projects on: municipal sewage treatment facilities; composting of
biodegradable wastes; environmental awareness celebration (e.g. provision of
incentives to communities that adopt measures to conserve and proteet the
environment); technology transfer on designs of industrial waste water treatment
facilities and small-scale shedders for composting;
The following are institutions establish for the planning and implementation of
strategies to restore and proteet the resources in Butuanon River watershed. What
seems weak at the moment is the will to enforce and carryout the rehabilitation plan.
Butuanon River Watershed Management Board (BRMB) which is
composed of representatives from Department of Environment
and Natural Resources (DENR), Department of Science and
Technology (DOST), Department of Education, Culture and
Sports (DECS), Mandaue City Govemment, Metropolitan Cebu
Wafer District (MCWD), San Miguel Corporation (SMC),
Butuanon River lndustrial Community (BRIC) and Department
of Interior and Local Govemment.
Environmental Protection Office (EPO) - monitoring of the state
of Butuanon River;

Environmental Action Team, VS EPA and DENR - technical
support for the drafting of thefive - year developmental plan
for Butuanon River Watershed rehabilitation.
The Butuanon River Industrial Community is an organisation of small-scale
business (70% of the 31 industries). SOfie of the industries are required to practice
"waste minimisation" scheme instead of setting up a water treatment facility. A
feasibility study for the installation of the available wastewater treatment facility was
conducted by 12 firms. The construction of the facilities will cost about 14 to 32
million pesos (1 VS dollar

=43 pesos).

Since the Memorandum of Agreement (MOA)

that was signed in March 8, 1997, took effect, only five industries have been able to
plit up a water treatment facility. They are San Miguel Corporation, Swift Foods, Inc.,
Quest International, Sunpride Food, Inc. and HJR Corporation (Sunstar, 26 May
1998). Recently the BRWMB rejected the proposal of BRIC for the extension of the
deadline for the installation of wastewater treatment facilities due to financial
difficulties of most industries. This deadline was stipulated in a memorandum of
agreement entered into by BRWMB and BRIC last March 1998. Furthermore DENR
has scheduled the full enforcement of anti-pollution laws starting January 1999
(Sunstar Daily, October 1998).

4.4

Participation of the academe

The role of the academe includes: integration of the monitoring of Butuanon
River in the curriculum (e.g. undergraduate and graduate courses on biologyand
environmental science); inclusion of environmental concerns in the research agenda;
support and promote environmental education among students and adopted villages in
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the upIand (schools and universities in the province have community extension
services); and participation in technology transfer on the use of biological controI
agents in agriculture, composting, green manuring, crop rotation and erosion
prevention.
The academe can co-ordinate with the EPa in the assessment of the river. The
University of San Carlos is fully equipped with facilities and expertise for field survey
and laboratory analysis. Involvement of students in river monitoring can not only
make learning relevant but also enhance environmental awareness. The rapid
bioassessment protocol that was used in this study is reliable in the biological
monitoring of Butuanon River. To cut the operational cost in monitoring, the
biological component can be integrated in the academic instruction of the universities
(for example University of San Carlos) and minimum chemical parameters be
adopted, such as BOD, DO, Total Phosphorus, Total suspended Solid and
Conductivity.

4.5. Contribution of non-government organisation (NGO)
The NGO can be instrumental in information dissemination in order to create
sound public opinion on environmental issues. This can be done through radio and TV
programs; distribution of leaflets, posters and streamers on environmental cancerns;
and sponsor technology transfer on proper waste disposal, water conservation;
composting; wise consumerism and "c1eankitchen" practices.
5

Conclusions

Degradation of Butuanon River is caused by a complex mixture of pollutants
from various sources. The major sources of these substances are: sewage and solid
wastes from households; industrial effluents; and, ron-off from the upIand and urban
areas. Pollutants have changed the chemical characteristics of Butuanon River. There
are traces of heavy metals (Hg, Cd, Cr, Cu, Pb, Ni, Zn) in the sediments. The
increasing trend in the mean values for biological oxygen demand (BOD),
conductivity, total phosphorus and the dec1ine in dissolved oxygen downstream
indicate the accumulation of pollutants. The present state of the river pose a negative
feedback to human affairs through the dec1ine in the quaIityand quantity of
freshwater.
River macroinvertebrates are responsive to degradation. Aquatic fauna are
important indicators of ecological integrity of Butuanon River. The resident
macroinvertebrates in the river are the results of the complex and interrelated
chemical, physical and biological processes over time. Thus, aquatic fauna are
important indicators of ecological integrity of Butuanon River.
Multi-metric index measures the biological integrity of the river. The
biological index applicable to Butuanon River considers the following levels of
ecological attributes: taxa richness and composition; tolerance; feeding ecology; and
population attributes.

--~
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The sampling areas in Butuanon River can be c1assified using the matrix of
biological integrity (MBl) and species combination of indicator species and
community structure of macroinvertebrates. These analytical tools provide the hages
for zoning the river in three categories: slightly impaired (stations 1 & 2); moderately
impaired (stations 3, 4 & 5); and degraded (stations 6, 7 & 8).
Sustainable watershed management considers a holistic and interdisciplinary
approach. The causes of degradation has to be address. Feasible rehabilitation
strategies are pegged on the conviction of the interlocking loops of ecological and
economic aspects of the watershed.
The will to rehabilitate Butuanon River Watershed depends on the people.
Sustainable management depends on the commitment of the people living in the
upiand areas of Cebu City and coastal plains of Mandaue City with the recognition of
their obligation to present and future generations.
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APPENDICES

APPENDIX 1

DEFINITION OF TERMS
There are words used in this report that may seem technical to readers who are not familiar
with biological concepts. To facilitate comprehension, the following terms are defined in
the context of this research.
Biological criteria. Biological criteria are numerical values or narrative expressions
that describe the biological integrity of aquatic communities inhabiting waters
of a given aquatic life use. It requires direct measurement of the structure and
function of resident aquatic communities to determine biological integrity and
ecological function (VS EPA, 440/5-90-004 April 1990).
Biological integrity. Biological integrity is the ability of an aquatic ecosystem to
support and maintain abaIanced, integrated, adaptive community of organisms
having a species composition, diversity and functional organisation
comparable to that of the natural habitats of a region (Karr & Dudley, 1981).
Biological metric or biometrics. Biometrics refer to attributes of the biological
assemblage, such as taxa richness, inc1udedin multimetric index (Fore et al.,
1996).
Characterisation. Characterisation refers to the detailed description of the present
condition of Butuanon River. Biological characterisation describes the
biological state while chemical characterisation reviews the nature of
elemental or compound substances found in the river that can be associated
with antrhopogenic activities.
Ecological integrity. Ecological integrity is a condition by which chemical, physical
and biological integrity occur simultaneously (VS EPA 440/5-90-004, April
1990). The state of the ecosystem is considered natural or prestine.
Impact. An impact is a change in the chemical, physical or biological quality or
condition of the river caused by externat sources (VS EPA 440/5-90-004,
April 1990).
Impairment. An impairment is a detrimental effect on the biological integrity of a
waterbody caused by an impact. The natural function and structure of the
ecosystem has been altered.
Macroinvertebrates. Macroinvertebrates are animals without backbones. In Butuanon
River these aquatic fauna inc1udesthe immature forms of terrestrial insects,
aquatic insects, unsegmented worms (nematodes), snails and shrimps

(crustaceans). Their length ranges from 1.0 mm (riffle bugs) to 20 mm
(dragonfly nymphs). Slimy aquatic nematodes must have longer bodies hut
this can not be ascertained since they were disintegrated by the time the
samples were processed.
Multimetric biological index. Multimetric biological index is a composite of metrics.
Each component metric measures an attribute of assemblage that is the product
of evolutionary and biogeographic processes at site (Karr, 1996).In the
biological assessment of Butuanon river the metrics are assigned a score of 7
(undisturbed), 5 (slightly impaired), 3 (moderately impaired) and 1 (degraded).
Riparian zone. Riparian zone is the boundary between a river and its terrestrial
environment. It is widely recognised as essentiaI component of the structure
and function of river ecosystem (Decamps & Tabacchi, 1994).
Turbidity. Turbidity is a measure of water quality; a condition that is related to the
extent of light penetration in water. At high turbidity, suspended partic1esin
water prevent the penetration of light; the water can be described as murky,
muddy or c1oudy.
Water pollution. Water pollution is "man-made" or man-induced alteration of the
chemical (chemical specific and whole effluent toxicity), physical (criteria
which inc1udespH, turbidity, dissolved oxygen) and biological integrity of
water (VS EPA 440/5-90-004, April 1990).

APPENDIX 2
ORGANIZA TIONS INVOLVED IN BRWMP

1. Sanguniang Panlunsod ng Mandaue
2.

Congresswoman, 6thDistrict, Cebu

3.

Paknaan Barangay

4.

Department of Environment and Natural Resources (DENR)
Water QuaIity Division

5. Metro Cebu Water District (MCWD)
6. Department of Health, City of Mandaue
7. Environmental Protection Service, City of Mandaue
8. Department of Science and Technology, Region 7
9. Department of Education, Culture and Sports (DECS)
Mandaue City Division
10. Environmental Quality Council
11. Department of Interior and Local Govemment
12. University of San Carlos, Cebu City
13. Citizens' League for Ecological Awareness and Responsibility (CLEAR)
14. San Miguel Corporation, Mandaue City
15. MAC/CMU Alumni Association
16. United States Asian Environmental Partnership

17. United States Environmental Protection Agency
Source: Butuanon River Watershed Management Project (BRWMP). June 1996.
Study Plan. 34 p.
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APPENDIX 3

HEA VY METALS IN BUTUANON RIVER AND
WATER QUALITY STANDARDS

DENR data from Aug. - Dec., 1992 and April- Sept. 1995 ranges.
River
stations

Cr
J.lWL
100
(Cr6+)

Cn
J.lWL
50

Ph

Ni

Zn

500

No
Criterion

No
Criterion

1.1 - 4.0

3.3 - 13.4

4.9 - 49.6

0.1 - 29.3

0.8 - 18.7

13 - 2763

0.1 - 18.0

1.7 - 3.1

6.0 - 97.5

32.0 - 436

ND - 14.6

35 - 365

Bacayan
Bridge

0.6 - 10

1.0 - 28

3.6 - 80.0

1.1 - 83.5

4.0 - 49.6

3 - 252

Canduman

0.2 - 4.3

6.5 - 310

13.5 - 830

0.8 - 66.3

2.7 - 10.7

1 - 3123

Pilit

0.2 - 58.5

.6**- 12.4

6.0 - 60.0

0.9 - 569

0.9 - 54

5 - 190

Tingub

0.2 - 4.1

0.8 - 5.3

5.6 - 20.0

4.3 - 29.5

3.2 - 8.0

0.2 - 359

Butuanon
Bridge

0.4 - 0.73

3.5 - 10.1

10.9

0.5

2.4

60 - 160

12.4

1.2

N.A

N.A.

N.A.

N.A.

Standard*

Dita
Pulang Bato

Cambogaong

Cd
50

Source: BRWMP, 1996
* Water Quality Standard, Class D (DENR Administrative
** This must be a clerical error. It is either 0.6 or 6.0.

Order No. 35)

NA. - not available, ND. - negligible, Cd - cadmium, Cr - chromium,
Cu - copper, Pb - lead, Ni - nickel, Zn - zinc.

APPENDIX 4
CONSUMPTION
Year

Per capita
consumption
(m3 d"l)

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

0.147
0.148
0.150
0.151
0.153
0.154
0.156
0.158
0.159
0.161
0.162
0.165
0.169
0.172
0.176
0.179
0.183
0.186
0.190
0.194
0.198

OF FRESHW ATER IN MANDAUE CITY

Population
(1000)

195
198
204
208
211
215
218
222
226
229
233
237
241
245
249
253
257
261
266
270
274

Domestic
consumption
in million

TOTAL
CONSUMPTION
in million m3

m3

Industrial &
commercial
consumption
in million m3

10.5
10.7
11.2
11.5
11.8
12.1
12.4
12.8
13.1
13.5
13.8
14.3
14.9
15.4
16.0
16.5
17.2
17.8
18.4
19.1
19.8

3.7
3.8
3.9
3.9
4.1
4.2
4.3
4.4
4.4
4.5
4.6
4.7
4.8
4.8
4.9
5.0
5.0
5.1
5.2
5.3
5.4

14.2
14.5
15.1
15.4
15.9
16.3
16.7
17.2
17.5
18.0
18.4
19.0
19.7
20.2
20.9
21.5
22.2
22.9
23.6
24.4
25.2

Note: Computation based on MCWD estimated demand growth rate of 1% per annum in
1995 to 2005 and 2% growth rate thereafter until year 2015. lndustrial and commercial
demand for wafer increase by 2% annually until 2005 and 1.5% thereafter. (Schema
Konsult,

1997). Population

growth rate was 1.65% (NSO, 1996).
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APPENDIX 5

INDUSTRlES THAT DISCHARGE THEIR EFFLUENTS INTO
BUTUANON RIVER
Location

Amount

Industry

water
Name
1. Canduman

HJR International
Lim Fanns
Maneao Poultry
Fale Star Int'l
Trading Ine.
Fri Foods
Pryce Gases
San Miguel
Foods Ine.

2. Cabanealan

Type
Marine produets
proeessing
Poultry
Poultry
Animal bane
proeessing
Junk Foods
Oxygen! Aeety!ene

Chieken dressing
plant

of waste

Treatment
facility

generated
m3/day

24

with faeiIity

< 1*
< 1*
3

nalle
nalle
nalle

50
5
no data

settling
settling
with faeiIity

Cebu Legaey
Mrktg. Corp.
Nutrisan Food
Produets
Treasure Island

Dried mango
manufaeturing
Noodies
manufaeturing

<1

nalle

<1

nalle

Paint thinner

15

settling

3. Tingub

Cebu PL Mftg.
Lomi Foods

Reeon, Motoreyle
Food proeessing

15
50

settIing
nalle

4. Casuntingan

Cebu Premier
Indt'l Gas Corp
Preseilla NoodIes
Wilson Foods

Oxygen! Acety!ene

1 ton sludge

settling

Noodle Mftg.
Fish eanning

5
no data

nalle
with faeiIity

5

settling

263

with faeiIity

Swift Foods, Ine.

Wood/Rattan
Wrought Iron
Furniture
Seaweeds
proeessing
Chieken dressing

30

with facility

Asia Trade
Avenue Ind'l Dev.
Konnyx
Ligaya Food
Produets
New Progress
Noodies
Vitarieh

Mixed shelIs
Aluminum wire
Soy sauce
NoodIes
manufaeturing
Noodies
manufaeturing
Chieken dressing

25
20
40
10

nalle
settlling
settling
with faeility

15

nalle

90

with faeility

Super Metro

Department store

25

settling

President. Marine
Produet Corp.
Stolle Sels

Marine produet
proeessing
Stolle eraft

23

with faeiIity

10

settling

Lusvimin Ind'l Mkgt.
Corp.
Philagar Corp.
Shemberg Mkgt. Corp.
Sunpride roads, Ine.
Universal Robina

Galvanised iron sheets

90

nalle

manufaeturing
Seaweeds proeessing
Seaweeds processing
Meat eanning
Fun snack roads

43
470
107
80

with faeility
with faeility
with faeility

NoodIes

15

nalle

5. Tabok

Country Craft

Delta Gen, Ine.

6. Maguikay

7. Ibabao

8.

9.

Alang-alang

Paknaan

10. Umapad

New Cebu NoodIes

nalle

manufaeturing

Source: Schema Consult. May 1997. Mandaue City Development, Master Plan Study
Note: Under the heading location, the barangays listed are those that are traversed
by Butuanon river (Fig. 1 & 2). * This estimate is too small for a poultry farm;
based on 40 m3 season-l; 45 days in one season.
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APPENDIX 6
NUMBER OF INDUSTRIES BY CATEGORIES (1995) LO CATED IN
10 BARANGAYS IN MANDAUE CITY WHERE
BUTUANON RIVER PASS THROUGH

Category
Can
Aluminum and Enamel ware
Animal Bone Processing
Assembly/Engineering
Bakeshop
Building Materials
Chemicals
Coco Craft
Commercial
CosmeticslDrugs
Electroplating
Floor Wax
Food Processing
Garments
Glass
lee Plant
Importer
Industrial Gases
Marine Products
Milling
Noodies
Nylons
Plastics
PoultrylLivestocks
Rattan and Rattan Products
Rope
Rubber and Leather Craft
Shelleraft
Stonecraft
Wrought Iron/Rattan
Products not indicated
TOTAL

Cab

No. of Industries in every baranay
Tio
Cas Tab Ma
Iba
Ala

I
1

Pak

1
1

1

1
1
1

1
1

1
1

1

1
1
1

1
2

3

1

1
6

3

1

2

1

2
2

1
2

3
1
2

1
1

2

4

1
1
3
2

2
1

1
1
1

1

1

2

--

1
3

1
1
I

I
I

I

2
5

1

3

3
1

1

1
1
1
1

1
1
1
12

2
12

1
5

10

1
16

1
1
17

1
4

12

Source: Schema Konsult, 1997.
Can - Canduman, Cab - Cabancalan, Tin - Tingub, Gas - Casuntingan,
Tab - Tabok, Mag - Maguikay, Iba - Ibabao, Ala - Alang-alang,
Pak - Paknaan, Urna - Umapad

Note:

Urna

1
3
26

1
8

APPENDIX 7

NUMBER OF INDUSTRlES BY CATEGORIES IN MANDAUE CITY

Categories
1. AluminumlEnamel ware
2. Animal bane processing
3. Assembly/Engineering
4. Bakery
5. Battery
6. BeerlSoftdrinks/Wine
7. Boxes/Cartoons
8. Building materials
9. Chemicals
10. Coco craft
11. Commercial
12. Concrete products
13. Construction
14. Cosmetic/drugs
15. Electroplating
16. Fire extinguishers
17. Floor wax
18. Foam products
19. Food processing
20. Garments
21. Gas cylinders
22. Glass
23. Ice plant
24. Importer
25. Industrial gases
26. Lumber
27. Marine products
28. Matches
29. Millling
30. Mineral water
31. Noodies
32. Nylon
33. Packaging products
34. Plastics
35. Poultryllivestock farms
36. Rattan and rattan products
37. Rope
38. Rubber and leather craft
39. School supplies
40. ShelIcraft
41. Shipping
42. SteeVgalvanisediron
43. Stonecraft
44. Styroporlstyrofoam
45. Woodcraft
46. Wrought iron and rattan
47. Products not indicated
Total

Source: Schema Konsult, 1997.

Number
3
I
18
21
1
6
6
10
2
I
I
I
1
9
24
3
4
1
41
5
1
2
3
40
7
9
9
1
13
1
15
1
1
6
6
39
1
5
4
5
2
3
6
2
4
4
32
381

APPENDIX 8

HABITAT ASSESSMENT OF EIGHT RIVER STATIONS

Habitat parameters

1. Epifaunal substrate
2. Bottom substrate
available cover
3. Embeddedness
4. Channel sinuosity
5. Frequency of riffle
6. Channel alteration
7. Channel Dow status
8. Bank vegetative
protection
Left bank
Right bank
9. Bank stability
Left bank
Right bank
10. Riparian vegetative
zone width
Left bank
Right bank
Total score

Habitat Scores
5
4

6

7

8

8
8

5
4

7
8

7
4

14
9
9
5
8

13
9
10
9
10

2
7
3
8
10

3
9
7
6
8

6
8
9
6
8

1
5

5
5

3
5

4
1

5
3

3
3

5
3

1
4

5
5

5
5

2
1

5
5

3
3

5
3

3
1

1
3

4
4

2
4

3
1

3
2

5
3

98

87

76

89

91

51

71

68

1

2

3

8
8

10
10

10
8

8
8

14
13
13
8
6

15
10
11
3
7

15
8
10
3
7

5
4

7
2

6
5

Note: The sampling stations are coded asfollow: 1 - Pitos (upstream), 2 - Bacayan,
3 - Canduman, 4 - Pilit 1, 5 - Pilif 2, 6 - Greenhills, 7 - Tingub,
8 - Butuanon Bridge (downstream)
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APPENDIX 9

SPECIES LIST OF MACROINVERTEBRATES IN BUTUANON RIBER
Order

Family

Species
No.

Common Name

Developmental
Stage

Food
Preference

Trophic
Level

A. INSECT
Trichoptera

Hydroptilidae

1

Caddisfly

Calopterygidae

Odonata

Libellulidae

Ephemeroptera

Heptageniidae

Lepidoptera

Pyraiidae

3
1

Mayfly

Nymph
Nymph
Nymph

1
2
3

Moth

Nymph
Larva

1

Midge

Larva
Larva

Midge

Pupa
Larva

1
1

Damselfly
Dragonfly

2

Diptera
Diptera

Chironomidae

Ceratopogonidae

1

Diptera
Diptera

Ephydridae

Muscidae
Simuiiidae

1
2

Psychodidae

Diptera

Stratiomyidae

2
1

Syrphidae
Culicinae

2
1
1

Diptera
Diptera
Neuroptera
Hemiptera
Hemiptera
Hemiptera

Tabanidae

B. MOLLUSK

C. NEMATODE

D.CRUSTACEA
OTHER ORGANISM

Pleuroceridae
unknown
unknown
unknown
Bufonidae

1
1
1
2
1
1

algae

Rif/lebug

Larva
Adult

Shore bug

Thiaridae
Planorbidae

scrapers

Pupa
Larva

Waterboatman

Lymnaeidae

Pupa
Larva

Horsefly

1
1

1
1

algae

Larva
Larva

Rat-tailed maggot

1

Noteridae

algae, smalllarvae
bacteria

scavengers
fillerfeeders

Mosquito

Corixidae
Elmidae

Coleoptera

detritivore

algae and
diatoms

filler feeders

plankton

Larva
Larva

Saldidae

3
4
1

herbivore, predator &

insect larvae

algae
bacteria

Larva
Larva

Sisyridae
Veliidae

2

insect larvae

predator
herbivore&
detritivore
herbivore

Pupa

Egg
Larva

1
1
1

Coleoptera

predator

Larva
Larva

1

Diptera

Diptera

Fly

3
1
1

algae and
plantdebris

Larva

2
Diptera

herbivore

Pupa
Larva
Larva

2
Odonata

Larva

Adult
Adull

predator and detritivore

herbivore
predator
insectivorous

larvae. bacteria

algae
larvae
insett larvae

predator & detritivore

smalllarvae, bacteria
algae, bacteria.fungi

Rif/lebeatle

Adull
Adull
Larva
Larva
Larva

herbivore & detritivore

Snail

Adull
Adull
Adull

scraper, detritivore

detritivore

bacteria

Adull
Adull
Adull

grazer
detritivore

primarydecomposers

Adull

grazer

Round worm

Shrimp
Toad

Inte mal gill staga

omnivore

algae, smalllarvae
periphyton. algae

algae

APPENDIX 10
INDIGENOUS TIMBER SPECIES SUITABLE FOR WATERSHED
REFORESTATION
LOCAL NAME

SCIENTIFIC NAME

Hillsides and valleys
Molave or Tugas
Tindalo or Balayong
Ipil
Banuyo
Narra
Camagong
An-an
Sunkol
Bayok
Siyaw
Lanaan
Suwa suwa
Bugtai

Vitexparviflora Juss.
Afzelia rhomboidea Vidal
lntsia bijuga (Colebr.) O.K.
Wallaceodendron celebicum Koord.
Pterocarpus indicus Willd.
Diospyros philippensis (Desr.) Gurke
Buchanania arborescens (Bl.) Bl.
Clerodendrum minahassae T. & B.
Pterospermum diversifolium Bl.
Anisoptera curtisii Dyer ex King
Anisoptera thurifera (Blanco) Bl.
Triphasia trifolia (Burm.f.) F. Wils.
Streblus aspeTLour

Riparian zone (river banks)
Bitanag
Dapdap
Kawayan
Butung

Kleinhovia hospita L.
Erythrina orientalis (L.) Murr.
Bambusa blumeana Bl. Ex Schultf.
Bambusa vuls..arisSchrad.

Source: Seidenschwarz 1995

APPENDIX 11

LETTER OF RECOMMENDATION
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY (U.S. EPA)
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UNITED STATE S ENVIRONMENTAL PROTECTION AGENCY
REGION IX
75 Hawthorne Street
San Francisco, CA 94105

May 1, 1998

Dear MadarnfSir:
I am writing concerning Juvy Bongo's participation in the Butuanon River Watershed
Management Project (BRWMP). The BRWMP is ajoint effort of the City of Mandaue, Cebu
Province, Philippines,local industry, and nongovernmental organizations with the goal of
improving the water quality of the Butuanon River. This project has received technical assistance
from the US EnvironmentalProtection Agency with the support of the US-Asia Environmental
Partnership. Over the rast two years both while a faculty member of the Biology Department at
San Carlos Universityand as a graduate student at Lund University,Ms. Bongo was instrumental
in gathering and analysisof the biologicalassessment component for this project. Her continlled
involvementin this project is an asset to efforts to dean-up the Butuanon River. Please do not
hesitate to contact me regarding Ms. Bongo and her activities.
Sincerely,
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erry d', Chief
Clea
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