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FOREWORD

The urban ecosystem had been pressured by rapid rate of air, water
and land pollution coupled by thermal heat, hazardous waste generation and
reduced greenery areas. This was brought about by accelerated urbanization
giving rise to industrialization, population influx and increased infrastructure
development. These besetting problems in urban ecosystem contributed a high
percentage in the so-called climate change or global warming. This compendium
therefore has been designed for urban environmental managers who are in
search for solutions in addressing these various problems.

Information on the most appropriate rehabilitation techniques
however, is scanty. The much-needed research-based data are generally scat-
tered in different government agencies, private organizations, colleges and uni-
versities. There is only a need to gather, integrate, and consolidate these large
bodies of scientific knowledge and verify the technologies under certain envi-
ronmentally-stressed site conditions.

Hence, it is envisioned that the application of the technologies
presented in this compendium will be instrumental in the recovery and
management of the damaged urban ecosystem for the provision of a safe and
productive environmental life for urban people.

MARCIAL C. AMARO, JR. CESO Il
Director
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PREFACE

This Research Compendia on Rehabilitation and Ecological Restoration
R & D Technologies for various Ecosystems was published through the efforts of
the Ecosystems Research Development Bureau and its regional research field
counterparts, i.e. Ecosystems Research and Development Sectors. Research
information was gathered from all Regions including those from recent books
and the internet. Ecosystems studied include: critical watersheds, degraded
mine waste areas, volcanic debris laden areas, marginal grasslands and uplands,
damaged urban and coastal sites.

While research and technology information generated in the past years
have proliferated, the changing needs of time require that recent technologies
be collated, integrated, analyzed and synthesized as a basis of decision-making
in verifying the effectiveness and efficiency of said technologies. Managers and
developers particularly in degraded areas need vital source of broad set of
information from which to choose from. This manual hopes to be a meaningful
guide to hasten rehabilitation efforts in these areas.

EVANGELINE T. CASTILLO, Ph. D.
National Program Leader/Coordinator
Rehabilitation Banner Program
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INTRODUCTION

Urban areas are characterized by their high concentration of popula-
tion and intensive human activities in a relatively small land area particularly, in
big towns and cities. The urban ecosystem has very high economic, political and
social importance. Urban areas play a major role in transforming resources into
useful goods and services that contribute to national economic production. They
affect both local and regional environments because of the concentration of
consumption of goods and generation of wastes in one area. Urbanization
invariably results in high per capita consumption rates that, in turn, cause higher
demand for natural resources and more environmental risks.

In the process of development, urban areas are the first to be
industrialized. As factories and manufacturing firms are established, more
people are attracted to converge in these areas for employment and for
improvement of socio-economic status.

The build up of transportation facilities in urban areas grow rapidly
thru the years. Metro Manila has an estimated close to a million motor vehicles
operating which spew tons of carbon monoxide and carbon dioxide daily into
the air, aside from the noise pollution produced by engines and horns. The 8
million commuters who use up space and litter into streets aggravate the
stressed environment.

In the 20" century the ever-increasing population of major cities in the
Philippines, particularly Metro Manila, placed greater pressures on the
environment. Metropolitan Cebu is another crowded city which has more than
18,000 registered business establishments (DENR, 1990). Today, there are about
15,000 industrial firms in the country and 69% of these are situated in Metro
Manila. The transport and industrial sectors both contribute approximately 40%
to 60% of pollution load.

Inefficient sewage collection and water pollution aggravate the envi-
ronmental problems as huge discharge of untreated wastewater from domestic
and industries have rendered major rivers in the metropolis biologically dead. At
present, an average Filipino generates 35-70 g of sewage per day and 640-1,600
g/person of solid waste per day. In Metro Manila alone, 6,169 tons of wastes
are generated every day (Reyes 2007) which is enough to fill 1,500 dump truck
trips per day. From the total volume of trash generated 1,500 tons daily is
dumped illegally on private lands, rivers, creeks, and in Manila Bay, while other
wastes are openly burned. In Rodriguez and Payatas waste sites, 76 kgs of arse-
nic are released annually into water bodies surrounding Metro manila.
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A major problem besetting the inland waters is the infiltration of the
leachate or “garbage juice” brought about by open and controlled dumping.
Leachate emanates from bacterial decomposition of garbage eventually
contaminating bodies of water used for fishing, swimming, drinking, agriculture,
industry and other domestic needs.

Likewise, groundwater can also pose serious threats, in terms of its
quality and quantity. Since 1995, the groundwater table in Metro Manila was
estimated to recede at an accelerating rate of 5-12 m/year which has led to
saltwater intrusion in a two-kilometer coastal strip extending from Cavite to
Navotas-Malabon (DENR-MEIP, 1992 as cited by World Bank 2000).

Flooding also affects about 1.9 million people and inflicts losses of
about PhP900 million per year. Almost 7% of Metro Manila (about 44 kmz2) is
prone to flooding. Mostly affected are medium and highly dense residential
districts. Flooding occurs as a result of poor drainage system. In river systems,
easement of encroachment is a common problem. This is aggravated by the
presence of informal settlers and business establishments along riverbanks.

Air quality of Metro Manila and its vicinities are alarming. Fine
particulate emissions result in about 2,000 premature deaths and 9,000 cases of
chronic bronchitis in the country’s four largest urban areas annually. Emissions
of pollutants were largely blamed on public buses, jeepneys, utility vehicles,
trucks, and motorcycles; 70% of air pollutants are attributed to motor vehicles
(Reyes, 2007) and 30% to stationary sources (industries).

Likewise, persistent organic pollutants (POPs) pose a risk on human
beings and the environment. Pesticides, industrial chemicals, and unintentional
by-products from the emissions of incinerators from hospital wastes, municipal
wastes and from dioxins as by-products of processes used by metal smelters,
refineries and cement kilns were found to cause cancer and tumor. Pesticides
have been demonstrated to cause a variety of serious health effects on the
human immune, reproductive, nervous and endocrine systems.

The influx of people and overcrowding into the metropolis exacerbate
an already stressed situation in sidewalks, canals, and estuarines. Urban areas
suffer from pollution coming from various sources. Before anyone realizes it,
urban centers have already choked up because of pollutants spewed by
factories, fumes, and toxic gasses into the air, and chemical pollutants into the
waterways. All these pose immediate health hazards to the population.
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PROBLEMS IN URBAN ECOSYSTEMS

Urban Greening

Urban greening or forestry in the Philippines, just like in any other
countries, has evolved due to the need to maintain and sustain wholesome and
habitable environment of the communities for the benefit of the urban society.
Most urban areas, especially Metro Manila, are experiencing environmental
problems whose mitigating measures are connected with the restoration of
greeneries, green spaces or urban forests.

There are two main groups that play critical role in the green space
health of the gateway to the Philippines from NAIA to the mouth of Pasig River
via Roxas Boulevard. These are the settlers and the business people. The settlers
or squatters found refuge in the area by building their camps and shanties. The
business sectors are the legitimate, highly commercialized businesses such as
hotels, restaurants, banks and commercial enterprises.While the illegitimate
businesses are the peddlers, sidewalk vendors and scrap collectors.

The proliferation of mendicants, unregulated increase of vendors and
peddlers and stubborn pedestrians were identified as the primary cause of
littering, trampling and destruction of plants along island and corridor plantings
in Roxas Boulevard, and other green spaces in Metro Manila.

Efficient and effective management of urban vegetation is essential to
the environment and the welfare of the residents.

More sectors of the society, however, are now becoming aware of the
vital roles of trees/green spaces/forests in enhancing the environment and in
sustaining ecological stability aside from the socio-economic, aesthetic and
amenity benefits.

Hence, efforts to develop, conserve and preserve the green spaces are
still being initiated to save the environment and to have clean, sustainable cities
in the country. Though some of the practices of urban greening had been
employed for quite a long time, the knowledge and technologies have yet to be
fully generated with some scientific basis. The following are identified areas with
urban greening problem:

1. Open Areas

Open areas are those areas left abandoned for a time. Some of these
are mining sites, municipal and industrial dumpsites and farmlands. These lands
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are contaminated with toxic metal like Cadmium (Cd), Copper (Cu), Nickel (Ni),
Zinc (Zn), Barium (Ba), Lead (Pb), and etc.

2. Roads and Highways

Generally all roads and highways are not provided with spaces for
planting. Even sidewalks are occupied illegally for other purposes, mostly
vendors. Roads are often subjected to widening or renovation. Utility services
for the cities are generally provided by overhead cables, suspended
transformers or varied pipes and other services along sidewalks. These restrict
planting or greening.

3. Parks

Parks are areas where people usually converge and hold social
gatherings or celebrations. National parks include areas of the public domain
essentially of primitive or wilderness character which have been withdrawn
from settlement or occupancy and set aside as such, exclusively to preserve the
scenery, the national historic objects, the wild animals or plants that contain
and provide enjoyment of these features in such manner as will leave them
unimpaired for future generations. Many of our parks today need restoration
strategies, intensive maintenance and inputs, protecting from pest and diseases
to keep them healthy. Parks could take advantage of natural processes such as
nutrient and water cycling.

4. Green Belts

Green belts are public plazas, subdivision, schools, and public grounds.
Some of these areas are still open and when planted, will serve as
environmental pollution buffer or filters.

Water Pollution

The principal sources of
water pollution in urban areas are
sewage, domestic, industrial wastes, |
garbage, refuse pesticides and other |
chemicals (Fig. 1). E:

Fig. 1. Polluted river due to illegal waste dumping
and inefficient sewage collection along the
coastal road in Parafiaque, Metro Manila.
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The inefficient sewage collection and water pollution caused by
discharge of untreated wastewater from domestic and industries render major
rivers in the metropolis biologically dead. The siltation of the riverbanks is also
due to vegetation losses. Some of our riverbanks are also occupied by squatters
wherein their waste matters go directly to rivers. In addition, numerous
industries situated along the river systems discharge their toxic wastes directly
unto the rivers (Fig. 2).

Fig. 2. The presence of numerous illegal settlers as shown through
their houses and factories built along the riverbanks of
Manila Domestic Airport is a problem that needs to be
addressed by the government. Their wastes go directly to the
river causing water pollution.

- e AN
Fig. 3. Dirty sewage coming from the wet market and

eatery section along the Coastal Road in Parafiaque,
Metro Manila.
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Polluted wastewaters from the wet and eatery sections of the market
and public toilets drain into creek leading to the lake [Fig. 3]. Untreated
leachates from landfills also pollute water bodies.

The leather industry, on the other hand, is traditionally associated with
bad odors and pollution. Tanneries are generally located close to a river to
ensure plentiful water supply for processing and effluent disposal. Tannery
effluent includes proteins, hair salt, lime sludge, sulfides, acids, dyes, oils, and
tanning agents.

Water is often drawn from rivers, lakes, or the ocean for use as a
coolant in factories and power plants. The water is usually returned to the
source warmer than when it was taken. Even small temperature changes in a
body of water can drive away the fish and other species that were originally
present, and attract other species to take their place. Thermal pollution can
accelerate biological processes in plants and animals or deplete oxygen levels in
water. The result may be fish and other wildlife deaths near the discharge
source. Thermal pollution can also be caused by the removal of trees and
vegetation.

Water pollution can also be caused by other types of pollution. For
example, sulfur dioxide from a power plant’s chimney begins as air pollution.
Because polluted air mixes with atmospheric moisture to produce airborne
sulfuric acid, it falls to the earth as acid rain. In turn, the acid rain can be carried
into a stream or lake, becoming a form of water pollution that can harm or even
eliminate wildlife. Similarly, the garbage in a landfill can create water pollution
if rainwater percolating through the garbage absorbs toxins before it sinks into
the soil and contaminates the underlying groundwater (water that is naturally
stored underground in beds of gravel and sand are called aquifers).

Water pollution from non-point sources are more difficult to recognize.
Pollutants from these sources may appear a little at a time from large areas,
carried along rainfall. For instance, the small oil leaks from automobiles that
produce discolored spots on the asphalts of parking lots become non-point
sources of water pollution when rain carries the oil into local waters.

Hence, with the country’s fast pace of urbanization, our water
environment is the first one to suffer amidst the reward of growth.
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Waste Management

Solid waste or “basura” has emerged as the most visible environmental
problem in the cities and municipalities of the Philippines. Generation of waste
is increasing rapidly as consumption rises, while collection efficiencies are
dropping as service levels deteriorate. Treatment and disposal facilities are
facing closure because of improper setting, management, and growing public
opposition. The problem is more pronounced in Metro Manila, where it is com-
mon sight to see uncontrolled garbage piling up or being burned. In the mean-
time, human health expenses continue to rise as a result of improper handling
and disposal of household, hospital and industrial wastes.

It has been observed that some of the households, owners, operators,
and tenants of businesses and commercial establishment and institutions indis-
criminately put their garbage outside their fences or within their immediate
premises. This serves as the feeding ground for cats and dogs thereby causing
garbage to spill and scatter, attracting insects, pests and vermins in the area.

The indiscriminate dumping of wastes contaminates surface and
ground water supplies. In urban areas, solid wastes clog drainage systems,
creating stagnant water for insect breeding and floods during rainy season.

Metro Manila can generate 6,000 tons of garbage daily. About one-half
of this garbage remain uncollected and continue to litter the streets (Fig. 4),
which can cause clogging of esteros and river  tributaries. Some are dumped in
vacant lots. Even garbage collected which reaches dumpsite is not properly
controlled. Uncontrolled open dumps have no environmental safeguard and will
impose public health problem and affect the landscape of the place.

Fig. 4. A sample of illegal waste dumping on

the street in Las Pifas, Metro Manila.
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Wastes in highly urbanized areas can be categorized into the following:

1. Industrial wastes— those generated from the production of plastics,
pesticides, medicines, paints, oil and petroleum products, metals
and biodegradable wastes from fisheries and others.

2. Municipal wastes— those that come from garbage and other waste
materials produced from households, public markets, restaurants,
office buildings, commercial establishments, etc.

Air Pollution

In urban areas particularly in Metro Manila, the sky is always hazy with
the thick layer of smog, mainly due to build-up of pollutants from large vehicular
population. Dust pollution or particulate matter is aggravated by the exposed
earth in most open areas due to lack of turfs or grasses.

Significant contributory factors to urban air pollution are activities
which arise from uncontrolled burning of waste and improper incineration.

Meanwhile, in landfill areas, odors caused by gases are created by
microorganisms as they breakdown organic material. Landfill Gas (LFG), if left
uncontrolled, will migrate into the atmosphere creating odor and environmental
problems. LFG is composed of methane (50-55%), carbon dioxide (45-50%) and
trace amounts of other gases such as 02, N2, and hydrogen sulfate.

Odors in landfill occur because most sanitary landfills do not
incorporate any significant provisions to prevent air pollution from gaseous
emissions.

Aggravation of air pollution also results from the expansion of
industries. However, while most industries provide anti-pollution safeguards, a
significant number of established anti- pollution safeguards were not effective.
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REHABILITATION TECHNOLOGIES

Urban Greening Problem

1. Rehabilitation Schemes for Open Areas

a. The use of hyper-accumulator or metal scavenging plants which
could extract and sequester toxic heavy metals from contaminated
soil is one of the technologies that may be used. These metal
scavenging plants are capable of accumulating metals 100 times
greater than those of the common non-accumulator plants.
Amaranthus and pechay baguio are some of the plants which can
survive high concentration of cadmium, chromium, copper, nickel
and zinc.

On the other hand, vetiver grass is being used to remove
boron, cadmium and lead from soils contaminated by sludge coming
from the textile industry while radish is the best known hyper-
accumulator of copper, lead, cadmium and zinc.

These plants not only tolerate the presence of heavy metals
but they also have strong appetite to take them up through their
roots and transport them to their stems or leaves where these
contaminants could be easily removed by harvesting. If the land is
needed for growing crops, particularly food crops, the hyper-
accumulators must be removed. The leaves of these plants should
not be used as mulch or green manure, because the heavy metals
will be returned back to the soil. The best way is to dry them, burn
and then bury the ash.

b. The use of non-food crop such as flowering and ornamental plants
for contaminated lands are also recommended to make the land
attractive and colorful. Some of these species are: chichirica, false
bird of paradise, Wedelia, cucharitas, carabao grass, luha ng dalaga,
rose moss and lantana.

c. Tree species are usually planted on open areas such as: rain tree or
acacia, banaba, kamagong, pili, balete and fringon.
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2. Urban Greening Schemes for Roads and Highways

a. The species usually chosen for expressways and highways are:
mahogany (large-leaf and small-leaf), narra, rain tree, banaba,
kamagong, mangium, auri, neem, balete and fringon. Urban
greening of roads and highways utilizes species of bigger trees and
are usually planted at 10m x 10m spacing. To provide visual vari-
ety, species differed at least every kilometer during long distance
travels and to prevent potential attacks of pests or diseases.

b. For Center Islands (medium roads) with the width of more than 2
meters, shade trees and trees with colorful flowers can be planted.
All center islands can be turfed or landscaped. However, if there
are possible expansion to ease the traffic in the future, thick shrubs
can be planted; they can be easily removed in case of road
widening. Trees can be planted at 8m x 8m spacing. Species
recommended for center islands are: agoho, mangium, banaba,
pink tecoma, golden shower, Palawan cherry, royal palm, anahaw,
Mc Arthur palm and bunga de China.

c. For narrow and median roads and verges, the following shrubs
can be used: adelfa, caballero, melendres, yellow bell, bougainvilla,
dwarf calachuchi and Shanghai beauty.

d. For Rotunda or Runabout roads, the recommended species are:
Golden shower, Acacia, Palawan cherry, Dapdap, Palosanto and
Fringon.

e. For road shoulder (near beach), the recommended species are:
Talisai, Botong, Bitaog, Agoho and Coconut.

f.  For flyovers, pedestrian and overhead bridges, palms and shrubs
can be planted along the sides of the flyovers. Land is provided
around columns, staircases, etc. for this purpose. The bare surfaces
of the pedestrian overhead can be planted with creepers and
climbers.

Small trees can be planted along roads which are close to
buildings and congested areas with overhead bridges to reduce the
necessity of constant pruning of branches. Trees should be planted
1 meter away from traffic signs.

3. Urban Greening Strategies for Parks

Species that should be planted should provide shade and
improve their aesthetic value. The relative position of the individual
trees and shrubs has to be varied as much as possible. They may be

10



Compendium of Rehabilitation Strategies for Damaged Urban Areas

single trees neighboring small groups of the same species. An intimate
mixing of single trees and shrubs species has to be discouraged. This
can be planted at irregular spacing or 1 tree for every 40 sq. m.

a. For recreational parks whether public or private, the
practice was planting of fire tree, acacia, African tulip, narra,
golden shower, pink shower, yellow shower, Palawan cherry,
fringon, dapdap, llang-ilang, champaca, balitbitan, Saraca,
Ambherstia, royal palm, champagne, red palm and blue palm.

b. For open car parks whether public or private, trees with a wide
awn can be planted to provide shade. Aeration slabs can be
provided and turfed with grasses. All the void areas can also be
planted to maintain aeration, drainage and greenery. Trees can be
planted at 10m x 10m spacing and provided with tree guards to
prevent damage from careless drivers. Some of the species used
are: narra, dapdap, mahogany and raintree or acacia.

4. Greening Strategies for Greenbelts

Presidential Decree No. 953 dated July 6, 1976, requires
subdivision owners-developers to allocate 30% of the area of
subdivision, exclusive of roads, service streets and alleys, as open
spaces for parks and recreational areas. All open spaces should be
planted with species that will improve the aesthetic value, provide
shade, abate noise, glare control and traffic control.

Species recommended for planting are: rain tree or acacia,
narra, fire tree, golden shower, banaba, katmon, alibangbang, botong,
akle, molave, Saraca, Amherstia, royal palm, traveller’'s palm and
fringon.

Some fruit trees planted in schools, hospitals, private residen-
tial houses and other private open spaces are: guyabano, mango, avo-
cado, caimito, datiles, sampaloc, langka, guava, kamias, santol, chico,
manzanitas, mabolo or kamagong and atis.

Shrubs for ground covers include: chichirica, false bird of para-
dise, Wedelia, cucharitas, spider lily, carabao grass, luha ng dalaga, rose
moss, and lantana.

The recommended shrubs for landscaping are: yellow trumpet,
Yellow caballero, Yellow santan, Singapore bush, poinsettia, red santan,
Dofa Luz, Dofia Trining, Dofia Aurora, rosal, and white santan.

Recommended vines for landscaping are: Honey suckle,
Cadena de Amor, Garlic Vine, Jasmine and Drunken sailor.

11
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5. Restoration and Greening of a Closed Dumpsite

Figures 5 to 9 shows a step by step greening program
undertaken by the municipality of San Juan, Rizal to ecologically restore
a closed dumpsite. The dumpsite now becomes a mini-botanical garden.

Fig. 5. Before, this bare area which was  Fig, 6 Squatters living in the surrounding

more or less 1,000 m2 in size }”as E”ce area were relocated and wastes were
upon ‘j" ter1e 2 dump'ng, site of garbage removed prior to the starting of the
materials in San Juan, Rizal. X

project.

Fig. 7, For initial planting the perimeter Fig. 8. This was how the used tires were
areas were planted with Bandera utilized.
espafiola. Used vehicle tires were
utilized as tree guards or pots for
ornamentals.

Fig. 9. The former dumpsite now becomes a mini-botanical garden.
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The conversion of a former dumpsite into a mini botanical park is
only one example of urban restoration or rehabilitation. There are
however, other potential sites and projects for restoring the urban
ecosystem, the following are examples: (1) the establishment of under
story plant species in school yard to promote wildlife species; (2) the
eradication of invasive plant species which is eliminating much of the
understory biodiversity; (3) the clean-up of a vacant public or private-
owned lot or abandoned site and the establishment of a park; and (4) the
re-design of a small water retention pond which could be restored with
wet land species.

6. Planting and maintenance

Generally, plant materials that will be used for urban greening
should be healthy, well-rooted, free from pests, diseases and physical
deformities. The size and species in a given site should be in accordance
with approved assessment plans and specifications.

The most neglected part of urban greening is on the proper
planting. To achieve a successful greening program the following should
be pursued by all involved in planting.

Maintenance should be carried out for 2-3 years after planting.

a. The minimum size of tree planting holes especially on adobe soil is
1.0mx1.0mx1.0m.

b. Every planting hole or bed should be backfilled with a mixture of
good top soil and compost at a ratio of 3 parts topsoil to 1 part
compost.

c. All plantings, particularly trees should be watered regularly
especially during first two years and during the occurrence of
drought.

d. All tree saplings, poles and big trees planted should be provided
with stakes and tied on guy lines so that they will grow upright and
be protected from strong winds or typhoon.

e. The stakes or guy lines should be removed as soon as the tree can
stand on its own. This is usually one year after planting for most
trees, in order not to girdle the tree.

f. Weeding of undesirable plant materials must be carried out
regularly.
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g.

Fig. 10. For urban greening, shrubs, vines Fig. 11. Vines and climbing plants were used
and grasses were employed in the to rehabilitate and to beautify open walls
concrete structure of the building at in NCR.

Application of environment-friendly technologies -biofertilizer
during initial establishment, periodic organic fertilizer application
(every 6 months) and liming if soil acidity occurs. In case inorganic
fertilizer is employed, this should be made usually 6 months after
planting and every 6 months thereafter for 2-3 years.

Constant monitoring for pest and diseases on the plants must be
carried out regularly. When necessary, appropriate chemicals
must be applied.

All dead parts of the plants must be removed and low branches of
trees which cause obstructions must be pruned.

All overgrown plants should be trimmed/pruned to reduce foliage.

All turfed areas must be maintained regularly by grass-cutting,
cleaning and weeding of undesirable plants.

The minimum depth of all planting beds for shrub ground covers is
0.6 meter.

The minimum size of shrub planting holes is 0.6 m x 0.6 m x 0.6 m.

&

.

Fig. 12. Palms, ornamental plants and grasses
were used to landscape roadsides in NCR. used to landscape the fagade and
walkway in South Luzon Expressway.
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Rehabilitation Schemes to Abate Water Pollution

Effective pollution control systems depend on policies that combine
technical, economic, social and aesthetic considerations.

There are several ways in which water pollution can be combated. First,
make wastewater reusable and of high quality. Second, enact and enforce
governmental regulations prohibiting and limiting pollution of waters. Third,
develop practices and techniques that will prevent or limit the natural runoff of
pollutants [Fig. 14].

Fig. 14. Garbage trap for collecting waste
materials along the river in NCR.

1. Major treatment stages used for waste water disposal (sewage)

Sewage treatment, or domestic wastewater treatment, is a process of
removing contaminants from wastewater, both runoff (effluents) and
domestic. It includes physical, chemical and biological processes to remove
physical, chemical and biological contaminants. Its objective is to produce a
waste stream (or treated effluent) and a solid waste or sludge suitable for
discharge or reuse back into the environment.

Sewage is created by residences, institutions, hospitals and commercial
and industrial establishments. It can be treated close to where it is created
(in septic tanks, bio-filters or aerobic treatment systems), or collected and
transported via a network of pipes and pump stations to specialized
treatment processes.

Typically, sewage treatment involves three stages, called primary,
secondary and tertiary treatments. First, the solids are separated from the
waste water stream. Then dissolved biological matter is progressively
converted into a solid mass by using indigenous, water-borne
microorganisms. Finally, the biological solids are neutralized then disposed
of or re-used, and the treated water may be disinfected chemically or
physically (for example by lagoons and micro-filtration). The final effluent
can be discharged into a stream, river, bay, lagoon or wetland, or it can be
used for the irrigation of a golf course, green way or park. If it is sufficiently
clean, it can also be used for groundwater recharge.
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Raw influent (sewage) includes household waste liquid from toilets,
baths, showers, kitchen, sinks, and so forth that is disposed via sewers. In
many areas, sewage also includes a liquid waste from industry and
commerce. The draining of household wastes into grey water are being
permitted to be used for watering plants or recycled for flushing toilets. A lot
of sewage also includes some surface water from roofs or hard-standing
areas. Municipal wastewater, therefore, includes residential, commercial,
and industrial liquid waste discharges, and may include storm water runoff.

Sewage systems capable of handling storm water are known as
combined systems or combined sewers. During dry weather, when
combined sewers are handling only the normal amount of waste water, all of
it is carried to the waste treatment plant. But during a storm when combined
sewers have to carry a much larger amount of water, part of the water,
including varying amounts of raw sewage, often by-pass the treatment plant
and flow directly into receiving streams. Such systems are usually avoided
since they complicate and thereby reduce the efficiency of sewage treatment
plants owing to their seasonality. The variability in flow also leads to often
larger than necessary, and subsequently more expensive, treatment facilities.
In addition, heavy storms that contribute more flows than the treatment
plant can handle may overwhelm the sewage treatment system, causing a
spill or overflow. It is preferable to have a separate storm drain system for
storm water in areas that are developed with sewer systems.

As rainfall runs over the surface of roofs and the ground, it may pick
up various contaminants including soil particles and other sediment, heavy
metals, organic compounds, animal waste, and oil and grease. Some
jurisdictions require storm water to receive some level of treatment before it
is directly into waterways. Examples of treatment processes used for storm
water include sedimentation basins, wetlands, buried concrete vaults with
various kinds of filters, and vortex separators (to remove coarse solids).

The site where the raw waste water is processed before it is
discharged back to the environment is called a wastewater treatment plant
(WWTP). The order and types of mechanical, chemical and biological systems
that comprise the wastewater treatment plant are typically the same for
most developed countries.
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a.  Primary or Mechanical treatment

Primary treatment removes the materials that can be easily
collected from the raw wastewater and disposed. The typical materials
that are removed during primary treatment include fats, oils, and
greases (also referred to as FOG), sand, gravels and rocks (also referred
to as grit), larger settle-able solids including human wastes and floating
materials. This step is done entirely with machinery, hence the name
mechanical treatment.

a.1. Removal of large objects from influent sewage

In the mechanical treatment, the influent sewage water
is strained to remove all large objects that are deposited in the
sewer system, such as rags, sticks, condoms, sanitary towels
(sanitary napkins) or tampons, cans, fruits, etc. This is most
commonly done with a manual or automated mechanically raked
screen. This type of waste is removed because it can damage or
clog the equipment in the sewage treatment plant.

a.2. Sand and grit removal

Primary treatment typically includes a sand or grit
channel or chamber where the velocity of the incoming
wastewater is carefully controlled to allow sand grit and stones
to settle, while keeping the majority of the suspended organic
material in the water column. This equipment is called detritor
or sand catcher. Sand grit and stones need to be removed early
in the process to avoid damage to pumps and other equipment
in the remaining treatment stages. Sometimes there is a sand
washer (grit classifier) followed by a conveyor that transports
the sand to a container for disposal. The contents from the sand
catcher may be fed into the incinerator in a sludge processing
plant, but in many cases, the sand and grit are sent to a landfill.

a.3. Sedimentation

Many plants have sedimentation stage where the sewage is
allowed to pass slowly through large trunks, commonly called
“primary clarifiers” or “primary sedimentation tanks”. The tanks
are large enough that fecal solids can settle and floating materials
such as grease and oils can rise to the surface and be skimmed off.
The main purpose of the primary stage is to produce a generally
homogenous liquid capable of being treated biologically and a
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sludge that can be separately treated or processed. Primary
settlement tanks are usually equipped with mechanically driven
scrapers that continually drive the collected sludge towards a
hopper in the base of the tank from where it can be pumped to
further sludge treatment stages.

b. Secondary Treatment

Secondary treatment is designed to substantially degrade the
biological content of the sewage such as those derived from human
waste, food waste, soaps and detergent. Majority of municipal and
industrial plants treat the settled sewage liquor using aerobic biological
processes. For this to be effective, the biota requires both oxygen and a
substrate on which to live.

There are a number of ways in which this is done. In all these
methods, the bacteria and protozoa consume biodegradable soluble
organic contaminants (e.g. sugars, fats, organic short -chain carbon
molecules, etc.) and bind much of the less soluble fractions into floc.

Secondary treatment systems are classified as fixed film or
suspended growth. Fixed -film treatment process including trickling
filter and rotating biological contractors where the biomass grows on
media and the sewage passes over its surface. In suspended growth
systems - such as activated sludge - the biomass is well mixed with the
sewage and can be operated in a smaller space than fixed-film systems
that treat the same amount of water. However, fixed-film systems are
more able to cope with drastic changes in the amount of biological
material and can provide higher removal rates for organic material and
suspended solids than suspended growth systems.

Roughing filters are intended to treat particularly strong or
variable organic loads, typical industrial, to allow them to be treated
by conventional secondary treatment process. These filters are typically
tall, circular filters filled with open synthetic filter media to which
wastewater is applied at a relatively high rate. They are designed to allow
high hydraulic loading and a high flow-through of air. On larger
installations, air is forced through the media using blowers. The resultant
wastewater is usually within the normal range for conventional treatment
processes.
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b.1. Surface-aerated basins

Most biological oxidation processes for treating industrial
wastewaters have in common the use of oxygen (on air) and
microbial action. Surface-aerated basins achieve 80 to 90% removal
of biochemical oxygen demand (BOD) with retention times of 1 to 10
days. The basins may range in depth from 1.5 to 5.0 meters and
utilize motor-driven aerators floating on the surface of the
wastewater.

In an aerated basin system, the aerators provide two
functions: they transfer air into the basins required by the biological
oxidation reactions, and they provide the mixing required for
dispensing the air and for contacting the reactants (that is, oxygen,
wastewater and microbes). Typically, the floating aerators are rated
to deliver the amount of air equivalent to 1.8 to 2.7 kg O,/kW.h.
However, they do not provide as good mixing as is normally achieved
in activated sludge systems and therefore aerated basins do not
achieve the same performance level as activated sludge units.

Biological oxidation processes are sensitive to temperature
and, between 0°C and 40°C, the rate of biological reactions increase
with temperature. Most surface aerated vessels operate at between
4°Cand 32 °C.

b.2. Fluidized bed reactors

The carbon adsorption following biological treatment is
particularly effective in reducing both the BOD and chemical oxygen
demand (COD) to low levels. A fluidized bed reactor is a combination
of the most common stirred tank packed bed, continuous flow
reactors. It is very important to chemical engineering because of its
excellent heat and mass transfer characteristics. In a fluidized bed
reactor, the substrate is passed upward through the immobilized
enzyme bed at a high velocity to lift the particles. However, the
velocity must not be so high that the enzymes are swept away from
the reactor entirely. Since this causes low mixing; these type of
reactors are highly suitable for the exothermic reactions. It is most
often applied in immobilized enzyme catalysis.
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b.3. Filter beds (oxidizing beds)

In older plants and plants receiving more variable loads,
trickling filter beds are used where the settled sewage liquor is
spread onto the surface of a deep bed made up of coke (carbonized
coal), limestone chips or especially fabricated plastic media. Such
media must have high surface areas to support the bio-films that
form. The liquor is distributed through perforated rotating arms
radiating from a central pivot. The distributed liquor trickles through
this bed and is collected in drains at the base. These drains also
provide a source of air which percolates up through the bed, keeping
it aerobic. Biological films of bacteria, protozoa and fungi form on the
media’s surfaces and eat or otherwise reduce the organic content.
This bio-film is grazed by insect larvae and worms, which help
maintain an optimal thickness. Overloading of beds increases the
thickness of the film leading to clogging of the filter media and
ponding on the surface.

b.4. Biological aerated filters

Biological Aerated (or Anoxic) Filter (BAF) or Biofilters
combine filtration with biological carbon reduction, nitrification or
denitrification. BAF usually includes a reactor filled with a filter
media. The media is either in suspension or supported by a gravel
layer at the foot of the filter. The dual purpose of this media is to
support highly active biomass that is attached to it and to filter
suspended solids. Carbon reduction and ammonia conversion occurs
in anoxic mode. BAF is operated either in upflow or downflow
configuration depending on the design by its manufacturer.

b.5. Membrane biological reactors

Membrane biological reactors (MBR) combine activated
sludge treatment with a membrane liquid-solid separation process.
The membrane component utilizes low pressure micro-filtration or
ultra filtration membranes and eliminates the need for clarification
and tertiary filtration. The membranes are typically immersed in the
aeration tank (however, some applications utilize a separate
membrane tank). One of the key benefits of a membrane bioreactor
system is that it effectively overcomes the limitations associated with
poor settling of sludge in conventional activated sludge (CAS)
processes. The technology permits bioreactor operation with
considerably higher mixed liquor suspended solids (MLSS)
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concentration than CAS systems, which are limited by sludge
settling. The process is typically operated by MLSS in the range of
8,000-12,000 mg/L, while CAS is operated in the range of 2,000-
3,000 mg/L. The elevated biomass concentration in the membrane
bioreactor process allows for very effective removal of both
soluble and particulate biodegradable materials at higher loading
rates. Thus increased Sludge Retention Times (SRTs)--usually
exceeding 15 days---ensure complete nitrification even under
extreme cold weather operating conditions.

b.6. Rotating biological contactors

Rotating biological contactors (RBCs) are mechanical
secondary treatment systems, which are robust and capable of
withstanding surges in organic load. The rotating disks support the
growth of bacteria and micro-organisms present in the sewage,
which breakdown and stabilize organic pollutants. To be successful,
micro-organisms need both oxygen to live and food to grow. Oxygen
is obtained from the atmosphere as the disks rotate. As the
micro-organisms grow, they build up on the media until they are
sloughed off due to shear forces provided by the rotating discs in the
sewage. Effluent from the RBC is then passed through final clarifiers
where the micro-organisms in suspension settle as sludge. The
sludge is withdrawn from the clarifier for further treatment.

c. Tertiary Treatment

Tertiary treatment provides a final stage to raise the effluent
quality before it is discharged to the receiving environment (sea, river,
lake, ground, etc.). More than one tertiary treatment process may be
used at any treatment plant. If disinfection is practiced, it is always the
final process. It is also called “effluent polishing”.

c.1. Nutrient removal

Wastewater may contain high levels of the nutrients
nitrogen and phosphorus. Excessive release to the environment can
lead to a build up of nutrients, called eutrophication  (blue-green
algae). This may cause an algal bloom, rapid growth in the population
of algae. The numbers of algae are sustainable and eventually most
of them die. The decomposition of the algae by bacteria uses up so
much of oxygen in the water that most or all of the animals die,
which creates more organic matter for the bacteria to decompose. In
addition to causing de-oxygenation, some algal species produce
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toxins that contaminate drinking water supplies. Different treatment
processes are required to remove nitrogen and phosphorus.

c.1.1 Nitrogen removal

The removal of nitrogen is effected through the biological
oxidation of nitrogen from ammonia, nitrification, the reduction of
nitrate to nitrogen gas. Nitrogen gas is released to the atmosphere
and thus removed from the water.

Nitrification itself is a two-step aerobic process, each step
facilitated by a different type of bacteria. The oxidation of ammonia
(NH3") to nitrite (NO,) is most often facilitated by Nitrosomonas spp.
(nitro referring to the formation of a nitro functional group), is
now known to be facilitated in the environment almost exclusively
by Nitrospira spp. Denitrification requires anoxic condition to
encourage the appropriate biological communities to form. It is
facilitated by a wide diversity of bacteria. Sand filters, lagooning and
reed beds can all be used to reduce nitrogen, but the activated
sludge process (if designed well) can do the job most easily. Since
denitrification is the reduction of nitrate to dinitrogen gas, an
electron donor is needed. This can be, depending on the wastewater,
organic matter from feces, sulfide, or an added donor like methanol.

Sometimes the conversion of toxic ammonia to nitrate alone is
referred to as tertiary treatment.

c.1.2 Phosphorus removal

Phosphorus can be removed biologically in a process called
enhanced biological phosphorus removal. In this process, specific
bacteria, called polyphosphate accumulating organisms, are
selectively enriched and accumulate large quantities of phosphorus
within their cells (up to 20% of their mass). When the biomass
enriched in these bacteria is separated from the treated water, these
bio-solids have a high fertilizer value.

c.2. Disinfection

The purpose of disinfection in the treatment of wastewater is
to substantially reduce the number of microorganisms in the water
to be discharged back into the environment. The effectiveness of
disinfection depends on the quality of the water treated (e.g.,
cloudiness, pH, etc.), the type of disinfection being used, the
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disinfectant dosage (concentration and time), and other
environmental variables. Cloudy water will be treated less
successfully since solid matter can shield organisms, especially from
ultraviolet light or if contact times are low. Generally, short contact
times, low doses and high flows all militate against effective
disinfection. Common methods of disinfection include ozone,
chlorine, or ultraviolet light.

Chlorination remains the most common form of wastewater
disinfection due to its low cost and long-term history of
effectiveness. One disadvantage is that chlorination of residual
organic material can generate chlorinated-organic compounds that
may be carcinogen or harmful to the environment. Further, because
residual chlorine is toxic to aquatic species, the treated effluent must
also be chemically dechlorinated, adding to the complexity and cost
of treatment. Ultraviolet (UV) light can be used instead of chlorine,
iodine, or other chemicals. Because no chemicals are used, the
treated water has no adverse effect on organisms that later
consume it, as may be the case with other methods. UV radiation
causes damage to the genetic structure of bacteria, viruses, and
other pathogens, making them incapable of reproduction. The key
disadvantages of UV disinfection are the need for frequent lamp
maintenance and replacement and the need for a highly-treated
effluent to ensure that the target microorganisms are not shielded
from the UV radiation (i.e., any solids present in the treated effluent
may protect the microorganisms from the UV light).

Ozone, O3, is generated by passing oxygen, O,, through a high
voltage potential resulting in a third oxygen atom becoming attached
and forming Os. Ozone is very unstable and reactive, and oxidizes
most organic material it comes in contact with, thereby destroying
many pathogenic microorganisms. Ozone is considered to be safer
than chlorine because, unlike chlorine which has to be stored on site
(highly poisonous in the event of an accidental release), ozone is
generated onsite as needed. Ozonation also produces fewer
disinfection by-products than chlorination. A disadvantage of ozone
disinfection is the high cost of the ozone generation equipment and
the requirements for highly- skilled operators.

d. Sludge treatment and disposal

The sludge accumulated in a wastewater treatment process must
be treated and disposed of in a safe and effective manner. The purpose
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of digestion is to reduce the amount of organic matter and the number
of disease-causing microorganisms present in the solids. The most
common treatment options include anaerobic digestion, aerobic
digestion and composting.

The choice of a wastewater solid treatment method depends on
the amount of solids generated and other site-specific conditions.
However, in general, composting is most often applied to smaller-scale
applications followed by aerobic digestion and then lastly anaerobic
digestion for the larger-scale municipal applications.

d.1. Anaerobic digestion

Anaerobic is a bacterial process that is carried out in the absence
of oxygen. The process can either be thermophilic digestion, in which
sludge is fermented in tanks at a temperature of 55°C, or mesophilic, at
a temperature of around 36°C. Though allowing shorter retention time
(and thus smaller tanks), thermophilic digestion is more expensive in
terms of energy consumption for heating the sludge.

One major feature of anaerobic digestion is the production of
biogas which can be used in generators for electricity production and/
or in boilers for heating purposes.

d.2. Aerobic digestion

Aerobic digestion is a bacterial process in the presence of
oxygen. Under aerobic conditions, bacteria rapidly consume organic
matter and convert it into carbon dioxide.

d.3. Composting

Composting is also an aerobic process that involves mixing the
sludge with sources of carbon such as sawdust, straw or wood chips. In
the presence of oxygen, bacteria digest both the wastewater solids and
the added carbon source and in doing so, produce a large amount of
heat.

Sludge disposal
When a liquid sludge is produced, further treatment may be

required to make it suitable for final disposal. Typically, sludges are
thickened (dewatered) to reduce the volumes transported off-site for
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disposal. There is no process which completely eliminates the need to
dispose bio-solids. There is, however, an additional step some cities
are taking to superheat the wastewater sludge and convert it into
small pelletized granules that are high in nitrogen and other organic
materials. This product is then sold to local farmers and turf farms as
a soil amendment or fertilizer, reducing the amount of space required
to dispose sludge in landfill.

2. Land Sewage Disposal System reduces stream water pollution, conserve
and recycle water, and allow nutrients to be recycled for further use.
Waste water from residential areas can generally be used for this
purpose. Industrial waste water may require some treatment to remove
toxic substances that could affect biological systems.

Industrial waste from food processing plants and pulp mills are
usually well-suited for land disposal.

Fig. 15. Early stage of bamboo planting to Fig. 16. Full grown species of bamboo could
rehabilitate various rivers in NCR (Sagip- be seen along the riversides in NCR as a
ilog Project). phytoremediation technology in their

Sagip-ilog Project.

3. Phytoremediation Technology For Stream and Riverbank Stabilization
can be done to minimize and delay further degradation of these
waterways. The technology prevents soil erosion, serves as site barriers,
prevents contamination from spreading into surface water or ground
water and provides aesthetic value. Some species recommended are:
bamboo, bitaog, palosanto, akle, anchoan dilao, acacia, african tulip,
antipolo, moluccan sau, bangkal, batino, bitaog, balsa, balobo, cinchona,
niyog, dita, dao, yemane, gubas, ipil, ipil-ipil, ilang-ilang, kalumpang,
kaatoan bangkal, kakawate, kalantas, katurai, lanete, lumbang, lamio,
mahogany, marang, malunggay, narra, palosanto, santol, supa, teak,
tibig, tindalo, tuai, para rubber, talisai and bani. Depending on the
species, it could be planted at 4m x 4m distance from each other and at
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16 — 18 m away from the water level. Figs.15 and 16 are bamboo
species used as phytoremediation technology to rehabilitate rivers in
NCR.

4. Bioremediation Technology for Lakes, Ponds and Streams

4.1 Aquamedix is an environmentally-friendly biocatalyst liquid for the
bioremediation of polluted bodies of water. Our world ecosystem
depends on algae blooms. Algae provide oxygen for the largest and
smallest creature on earth. However, when algae blooms go
unchecked in our lakes, ponds, and streams, it has adverse effect on
animals, fish, plants, and all living things. Algae pollute bodies of water
produce obnoxious odors, become unsightly, and are considered
“sick” or “dead”. Aquamedix when used as directed will increase the
metabolism of naturally occurring bacteria to its maximum rate and
maintain that activity level for as long as Aquamedix is added. In addi-
tion to the water itself, everything the water comes in continuous con-
tact with, is also cleaned.

4.2 Eutro-Clear is a pro-biotic formula for the bioremediation of ponds. It

is standardized at a total endospore count of 5 billion CFU /gm, which
will multiply in a bucket to 150 billion CFU/gm in 18 hours (http://
www.liftstationdegreasers.com).

Two (2) Ibs. of this microbial formulation, hydrated in water,
will inoculate a 1 acre pond to many thousand times more than the
bacterial biota normally found in a water column and out compete all
the naturally occurring bacteria, including pathogenic gram- negative
E.coli.

Augmented facultative heterotrophic bacteria settling into
these benthic regions will speed up sludge digestion and reduce odors
by using an alternate electron acceptor other than oxygen. Overall,
bio-augmentation will reduce nutrient levels, thus reduce the risk of
eutrophication and algal blooms.

4.3 Plantex Biozyme Micro Aid Power Activator can be utilized as an

effective and economical way of treating either open water or
wastewater in treatment system. The potent enzymes and
microorganisms present in the activator breaks and degrades any
organic and inorganic substance present in the wastewater (Trevis
Internationale Corp., undated).
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It decomposes solid substances and digests oil and grease,
thereby preventing the accumulation of sludge. The result is the
reduction of both biological oxygen demand (BOD) and chemical
oxygen demand (COD).

The putrid odor coming from the fermentation and
decomposition of indol, eskatol, mercaptants and others are
eliminated.

It is strongly advised that Plantex All-In-One Solution be
applied on the wastewater for thorough disinfection.

Methods of Application

Initial Application (Shock Treatment) - Five (5) L of concentrated
Plantex All-In-One Solution is applied to every 15,000 gals. of
wastewater influent in the first treatment chamber or equalization
tank. This results to the removal of the foul odor and digestion/
degradation of organic and inorganic substances.

Thirty (30) kilos of Plantex Biozyme Micro Aid Activator is
broadcast to every sixty thousand (60,000) gals. of wastewater in the
aeration chamber/tank preferably at noon time to allow the
micro-organisms to multiply faster and produce more enzymes.

After the first week of initial application, 1.5 kilos of Plantex
Biozyme should be broadcast once again. For maintenance,
broadcasting of 1.5 kilos into the aeration pond every 2-3 days (at
noon time) is suggested.

Application on Septic Tanks - One (1) L of concentrated Plantex All-In-
One Solution for every cubic meter is poured directly into the septic
tank. After 30 minutes, two (2) kilos of Plantex Biozyme should be
broadcast into the septic tank as well.

5. The Muntinlupa City Waste water treatment facility as model

The Muntinlupa City government has developed a technology
based on the above order and types of mechanical, chemical and
biological systems that comprise the waste water treatment plant.
However, the waste water treatment system that has been developed is
less complicated, low-cost and has low-maintenance.
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The wastewater treatment system is an aerobic and anaerobic
combination coupled with filtration using coco peat media to meet local
discharge standards. It also includes a water recycling system that allows
re-use of the treated effluent for flushing toilets, watering plants and
street cleaning. This technology is being applied elsewhere in the
Philippines and is suitable for other locations in the region.

The treatment facility will bring the biochemical oxygen demand
(BOD) from more than 600mg/I to less than 30mg/l. It utilizes a hybrid
design using non- mechanized and mechanized systems, particularly grit
screens septic tanks and an aerobic baffled reactor (ABR) for the primary
and secondary treatment. This can treat more than 200 cubic meters
of wastewater daily. A sequencing batch reactor (SBR) is also a part of
the secondary treatment. A multimedia filter was used for the tertiary
treatment, which will allow re-use of the treated water. The facility is
built below ground and covered with reinforced concrete, so that the
place can be used as a parking lot and a loading/unloading bay. Figure 17
shows the system flow of the Muntinlupa public market wastewater
treatment facility.
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6. Technology to Study Water Quality of Surface Water Bodies

A reconnaissance survey was conducted along Navotas-Malabon-
Tullahan-Tinajeros (NMTT) river system and its tributaries. Data were
gathered to delineate location and identify its physical features such as
land use, industrial pollution source, etc. as well as hydrological features.

Four samples for water and three samples for sediments taken at
different points were collected every month for analyses. Temperature,
pH, dissolved oxygen (DO), chlorides, biological oxygen demand (BOD),
chemical oxygen demand (COD), organic and inorganic ratio were
determined for physical and chemical analyses. For biological analyses,
microorganisms found in the samples were identified. A sequential batch/
bench scale treatability method was applied on water samples obtained
from the river system. The same treatability method was applied in the
field. This method used two chambers with three test tanks each. One
chamber served as control for treatment.

Enzymes were added to the treated tank until a maximum percent
reduction in CO was obtained. Results showed that after the 12" day, pH
was reduced from 7.8 to 6.5; dissolved oxygen from 0 to 4.0 mg/l;
biological oxygen demand from 56 to 20 mg/| at 20 degrees Celsius and
suspended solids from 40 to 10 mg/I.

7. Bioassay of Textile Effluent

The research examined the toxicity of the effluent and influent
wastes of a textile plant in the vicinity of the Cabuyao River on commonly
grown fishes using bioassay method. The particular textile plant
investigated used activated sludge treatment to eliminate or reduce the
pollutants to maximum level. The study correlated the results of the
physico-chemical procedures and bioassay examination. Specifically, the
level of toxicity of textile effluent discharged and lethal concentrations of
the treated effluent discharged after 24 and 96 hours, respectively, were
studied.

Bioassay Procedure:

Six 10-gallon capacity aquaria were used per bioassay test which
contained effluents/river water concentrations of 10, 20, 40, 60, 80, 100
percent respectively. Ten tilapia fingerlings per aquarium were used for
the bioassay test. The fingerlings were acclimatized in the aquarium
condition for seven (7) days using dechlorinated tap water and fed with
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commercial fish food. The cessation of operculum movement and visible
upturned floating of bodies of fish samples were observed after 24-96
hours for fish mortality. Lethal concentration (LC) of effluent and river
water was set when it caused the death of five (5) out of ten (10) fish per
aquarium (Capino, 2002).

Waste Management Schemes
1.Industrial waste management schemes

Industries in general, have tried to convert waste products into
profitable energy. There are a number of emerging technologies that are
able to produce energy from waste and other fuels without direct
combustion. Many of these technologies have the potential to produce
more electric power from the same amount of fuel than would be possi-
ble by direct combustion. This is mainly due to the separation of corrosive
components (ash) from the converted fuel, thereby allowing a higher
combustion temperature in e.g. boilers, gas turbines and internal
combustion products. Some are able to efficiently convert the energy into
liquid or gaseous fuels.

a. Thermal Technologies

a.1l. Gasification is a process that converts carbonaceous materials,
such as coal, petroleum, or biomass, into carbon monoxide and
hydrogen by reacting the raw material at high temperatures
with a controlled amount of oxygen.

a.2. Pyrolysis is the chemical decomposition of organic materials by
heating in the absence of oxygen or any reagents, except
possibly steam. Extreme pyrolysis that leaves only carbon as the
residue is called carbonization. The application of pyrolysis to
waste management is well established with other advanced
waste treatment technologies. Pyrolysis is used as a form of
thermal treatment to reduce waste volumes and produce
liguid or gaseous fuels as a byproduct. Low temperature
pyrolysis can also be used to produce a synthetic diesel fuel
from waste film plastic, through systems such as thermofuel.

b. Non-thermal technologies

b.1. In anaerobic digestion, a bacterial process that is carried out in
the absence of oxygen, the process can either be thermophilic
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b.2.

b.3.

b.4.

digestion, in  which sludge was fermented in tanks at a
temperature of 55°C, or mesophilic, at a temperature of around
36°C. Though allowing shorter retention time (and thus smaller
tanks), thermophilic digestion was more expensive in terms of en-
ergy consumption for heating the sludge.

One major feature of anaerobic digestion was the production
of biogas, which can be used in generators for electricity production
and/or in boilers for heating purposes.

In Aerobic digestion, a bacterial process occurs in the presence of
oxygen, bacteria rapidly consume organic matter and convert it
into carbon dioxide.

In Composting, an aerobic process is involved while mixing the
wastewater solids with sources of carbon such as sawdust, straw
or wood chips. In the presence of oxygen, bacteria digest both the
wastewater solids and the added carbon sources and in doing so,
produce a large amount of heat.

In MixAlco process, a bioconversion of biomass to mixed alcohol
fuels can be accomplished. Through this bioconversion, more
energy from the biomass will end up as liquid fuels than in
converting biomass to ethanol by yeast fermentation.

The process involves a biological/chemical method for
converting any biodegradable material (e.g., urban wastes, such as
municipal solid waste, biodegradable waste and sewage sludge,
agricultural residues such as corn stover, sugarcane baggasse,
cotton gin trash, manure) into useful chemicals, such as carboxylic
acids (e.g., acetic, propionic, butyric acid), ketones (e.g., acetone,
methyl ethyl ketone, diethyl ketone) and biofuels, such as a
mixture of primary alcohols (e.g., ethanol, propanol, butanol) and/
or a mixture of secondary alcohols (e.g., isopropanol, 2-butanol,
3-butanol, 3-pentanol). Because of the many products that can be
economically produced, this process is a true biorefinery.

The process uses a mixed culture of naturally occurring
micro-organisms found in natural habitats such as the rumen of
cattle, termite guts, marine and terrestrial swamps to
anaerobically digest biomass into a mixture of carboxylic acids
produced during the acidogenic and acetogenic stages of
anaerobic digestion, however with the inhibition of the
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methanogenic final stage. The more popular method for
production of ethanol and cellulosic ethanol is the use of enzymes
that must be isolated first to be added to the biomass and thus
convert the starch or cellulose into simple sugars, and then
followed by yeast fermentation into ethanol.

2. Municipal Waste Management Schemes

Waste management or solution for municipal wastes consists of
four options:

a. Waste reduction — reducing waste requires cutting the number and
volume of discarded products. Consumers can reduce households
waste by buying high quality long lasting items that can be
repaired, instead of buying short-lived “disposal” alternatives. The
consumer typically pays a much higher price per unit for such
convenience item.

Many advocates of waste reduction use the term precycling.
This concept refers to a consumer making environmentally-sound
choices at the point of purchase. It includes avoiding products with
extra packaging such as canned or mixed vegetables instead of
fresh, unbagged ones.

b. Landfilling - this is the least expensive and easiest method of
disposal. This corresponds to the common sanitary landfill used for
municipal garbage. The waste remains essentially unchanged and
because of frequent soil cover, the site soon becomes exhausted.

c. Incineration - this waste management option uses an incinerator
machine which is quite expensive. Mixed trash is burned in the
incinerator in a single combustion. The heat generated from the
burning material in the heat chamber is converted into usable
electricity. The temperature in the chamber reaches 2,000°F. The
by-products are ash, which are sent to landfills.

d. Ecological solid waste management is also known as recycling,
reusing and composting. It aims to use waste to its fullest in order
to maintain round-the-clock cleanliness of the surroundings.
Ecological solid waste management should start at the household
level.
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Basically, there are three ways to tackle waste — Reduce,
Re-use, and Recycle. Reduce the amount of material we use so we
generate less waste. Re-use the things we already have instead of
buying them anew. Recycle the things we can’t re-use. The steps
are as follows:

1.Sort out your garbage properly by setting up two trash cans in
the kitchen — one for wet garbage, another for dry.

2. For wet garbage, you may use an empty can of cooking oil or ice
cream container as your trash can. Wet garbage includes
leftover food, fruit and vegetable peelings, and even animal
excreta.

3. For dry garbage, you may use an old bayong, a large plastic bag,
or a box. Dry garbage includes paper, cartons, bottles, cans,
plastic containers (for toothpaste, shampoo, and other cosmetic
items), shopping bags, metals, used-up batteries, ballpens, and
others.

4. Wet garbage is biodegradable; that is, it can naturally blend with

the earth once it is composted. It can also be used as soil
fertilizer, poultry or pig feed, or methane gas for cooking.
Composting can take place in centralized facilities or individual
backyards.

5. Dry garbage is often non-biodegradable. It is best for re-use or
re-cycling. This requires dry garbage to be sorted out further into
two groups — one for re-use, and the other for re-cycling.

6. Remember what they say about “money in junk”? It's quite true.
Collect all items that cannot be re-used and sell to recycling
stores. These include old newspapers, magazines, and other
papers; bottles, cans and even plastic containers; and metal or
steel items. The neighborhood magbobote’t bakal will only be
too happy to buy all these from you. You earn a few extra bucks
on the side while sparing the environment.

7. Wash and clean the things for re-use and keep them where they
can easily be located when needed. These include gift wrappers
and ribbons, boxes, plastic or brown bags from department
stores or supermarkets, and wide-mouthed bottles or plastic
containers which can be used as canisters.
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Aside from observing the steps above, waste management
requires some adjustments in our lifestyle to enable us to reduce the
amount of waste we generate.

*  Don’t buy anything you don’t need. Corollary to this, don’t buy
more than you need.

*  When you go to market, bring your own brown or plastic bag,
so you don’t have to buy from the vendors. Better yet, bring
your good old bayong or basket.

* Same thing when you go shopping. Bring along your own
plastic bag/s and graciously refuse counter girls who offer you
new plastic bags.

*  Avoid eating in fast food outlets that serve food in Styrofoam.
When ordering for take-out food, bring your own food con-
tainer and ask the food outlet to use it for your order.

*  Avoid using disposable items made of non-biodegradable
materials.

*  Avoid using a straw when drinking soft drinks. Use a glass in-
stead.

*  Avoid incinerating garbage. In crowded neighborhoods,
this is a potentially hazardous practice. Besides, plastics con-
sumed by fire emit hazardous elements to the atmosphere,
contributing to the ozone depletion and break-out of various
diseases.

*  Support recycling. Buy recycled materials, even if they may
cost higher.

These simple ways of reducing, re-using, and re-cycling our trash
will go a long way in helping preserve our planet earth. We don’t even
need to learn or master them. With a little earth consciousness and
some practice, these earth-friendly ways to manage our garbage
properly are easy habits to acquire.
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3. Managing Solid Wastes Through Advanced Pyrolysis System

An existing unique technology that can solve the growing problem
of solid waste disposal is the continuous feed pyrolytic thermal waste
treatment system, better known as the International Environment Solutions
(IES) advanced pyrolysis system. The system treats all types of
wastes-whether municipal, industrial or agricultural — as enormous mine of
wealth. This is because in the process of pyrolysis, wastes are being
converted into raw materials to generate electricity, produce charcoal and
charcoal briquettes, and manufacture high-quality building materials.

In this process, solid wastes are delivered to the plant site where
they are first weighed, then dumped into the receiving area and sent to the
sorting floor. Materials that can be recycled are separated and collected in
roll-off bins to be sent into recycling facilities.

Other materials not suited for pyrolysis such as large rocks and
chunks of concrete are separated in roll-off bins for shipment back into the
landfill site.

Those materials suitable for pyrolysis are then sent to a high
temperature air dryer, or are temporarily stored. The dried wastes are then
fed into a high-speed shredder that cuts them into small pieces, which are
sent to the blender to combine with several other materials. The mixture is
then fed into an oxygen-free chamber and an intense indirect heat is
applied to reduce the waste material into combustible gases and benign
residual char in the form of small granules similar to coarse black sand.
The gases are recycled in the plant and cleaned in the system.

In the Philippines, a small-scale biomass pyrolyser for farm irriga-
tion was locally developed by the Forest Products Research and Develop-
ment Institute (FPRDI), an agency of the Department of Science and Tech-
nology. The pyrolyser produces combustible gas and carbon from agrofor-
estry wastes such as pili, peanut, coconut shells, rice hulls, and wood chips.
The gas can be used to fuel an internal combustion engine for irrigation
pumps.The pyrolyser can pump about 30,000 gallons of water per hour
compared with the traditional diesel engine that can pump 12,000 gallons
per hour. It can supply the irrigation requirements of a 9.3 — ha farm for
eight hours (Rimando & Rimando, 2003).

Aside from extracting pyrolysis gas, the system can also produce
char, which can be converted into charcoal briquettes. As a whole, the
biomass pyrolyser is economically significant since it lessens the cost of
irrigating rice field and minimizes the problem of disposing agroforestry
wastes.
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However, unlike the IES advanced pyrolysis system, the biomass
pyrolyser developed by FPRDI releases into the environment toxic fumes
and liquid effluents during the operation. For this reason, it has been
suggested that FPRDI improves its biomass pyrolyser system that it can
operate in a large scale and in a closed-loop system to avoid the hazardous
by-products of combustion.

4. The Quezon City Controlled Waste Management Facility as Model
In compliance with the Ecological Solid Waste Management Act of

2000 (RA 9003), the Quezon City government embarked on the conversion
of the Payatas open dumpsite into a controlled disposal facility [Figure 18).

Fig. 18. The Quezon City controlled waste management facility.

This is being managed by the Payatas Operations Group which
covers an area of 9.70 ha. The New Payatas Disposal Facility strictly imple-
ments a comprehensive waste disposal plan in order to extend the life of
the waste facility. The plan includes the application of earth cover material
to expose garbage from previous open dumping operation (Figures 19 and
20). At least 0.6 m of top soil is being applied to the wastes [Fig. 21]. This
will minimize the production of leachate, control odor and prevent the pro-
liferation of flies, rats and other insect pests.
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Fig. 19. Before this was how the streets
along the Payatas open dumpsite in
Quezon City, Metro Manila looked
like. Wastes were dumped every-
where.

Fig. 20. After the conversion
program, a perimeter fence
was put up, so that the wastes
are controlled within the
perimetered area.

Fig. 21. At least 0.60 m of soil is being applied to the wastes at the end of each working
day. The soil is then compacted to minimize the production of leachate, to control
odor and to prevent the proliferation of flies, rats and other vermins.
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A pond was constructed to separate storm water from leachate.
The leachate canals and collection ponds prevent the accumulation of
leachate along the foot of the active disposal cell. The leachate collected
was sprayed in the compacted waste to speed up the decomposition proc-
ess. Run-off and drainage canals were constructed to prevent water run-off
coming in contact with the waste. Fig. 22 summarizes the before, during
and after waste conversion program.

BEFORE DURING

Fig. 22. Various processes of the conversion.

5. The Payatas Methane Gas Generation Technology

To effectively manage the wastes in Payatas dumpsite, a methane
gas generation technology (a non-thermal technology type of generating
energy) as described above was employed.

Greenhouse gases such as methane and carbon dioxide which
were produced during the process of anaerobic biodegradation of organic
material were extracted and utilized. Hence, a 100-KW pilot methane
power plant was built to supply the power for the composting plant and
perimeter lights of the dumpsite. This was Quezon City’s humble contribu-
tion to the mitigation of global warming and climate change.
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6. Phytoremediation technology on dumpsites

The recommended species are: McArthur palm, bunga de china,
dapdap, balete and palosanto. These plants maybe planted around the
perimeter of landfills. Application of this technology prevents
contamination from spreading into surface water and or groundwater.

In Payatas dumpsite, phytoremediation was also practiced in the
area not used for dumping wastes. Mongo beans were planted to enrich
and condition the soil before vetiver grass is planted along the steep slope
area for stabilization. Shrubs were also used to improve the landscape of
the dumping site. Shrubs were planted on the reprofiled slopes. Such
vegetative cover (or vegetative cap) is a long- term, self-sustaining cap
composed of soil and plants growing in and/or over waste in a landfill. This
type of cover is an alternative to composite clay or plastic layer caps. Plants
control erosion and minimize seepage of water that could otherwise
percolate through the landfill and form contaminated leachates. In addition,
a vegetative cap can be designed not only to control erosion and seepage
by water, but also to enhance the degradation of underlying materials in
the landfill.

7. The MMDA’s Unified Approach on Solid Waste Management

In order to ensure an efficient and effective system of solid waste
and garbage collection and disposal, and prohibit littering and the placing or
throwing of garbage, refuse and other waste, the MMDA passed an ordi-
nance for a unified approach on Solid Waste Management.

Description of Technology

a. Education and information Campaign. The MMDA understands the
difficulty in giving proper instruction to the people on the proper
waste disposal and management. They realized that the best way
to address the problem is by maximizing the use of mass
communication thru radio, TV, and print media.

The city government, in cooperation with the = MMDA
thus, conducted a massive public awareness campaign to inform
and instruct the people and all stakeholders on the matters rela-
tive to the implementation of the unified approach on solid waste
management.
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b. Storage of wastes. Basically, any wastes should be left in the place
of purchase or in the household. No other person or individual in
between has the obligation to keep those wastes. Hence, all stores,
establishments and households were required to have suitable
trash receptacle to keep one’s garbage to be kept inside its prem-
ises and not along the sidewalks except during collection days.

Wastes were required to be stored and set out for collection in
a closed plastic bag or any appropriate container to avoid the entry
of insects, pests and vermins; escape of bad odor; and spillage of
leachate. Unpacked, improperly packed and spillage of garbage
were not collected.

The owner were also made responsible in sweeping, cleaning
and repacking of the spilled garbage and to clean the mess caused
by it.

Household toxic wastes were required to be disposed in a
specified manner in accordance with RA 6969. Broken glasses
or lamps and other sharp objects are required to be securely en-
closed in hard cardboards with tie to prevent injury to handlers
and rip and tear bags or containers.

c. Waste Collection System. The city government shall be responsible
in collecting the garbage door to door on specified collection day.
The city shall share this responsibility with the barangays.

Households, commercial establishments and institutions shall
bring their wastes conspicuously only in front of their premises
during the designated collection day. Bulky wastes shall be
collected separately subject to special arrangement with the local
government units.

No burning shall be allowed at source. Only the authorized
garbage collection shall be allowed to handle the waste from the
generators. Selling, scavenging and sorting by the garbage
collection crew shall not be allowed. Junk dealers are not allowed
to collect recyclable materials during the scheduled date of
collection.

Collection equipment were required to be registered with
the city government to ensure the proper markings, safety and

sanitation of the vehicle. All collection trucks should be in good
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body condition and properly equipped with tools and spare tires.
Trucks must be properly covered to prevent spillage of garbage
and escape of odor when traveling. Owners and operators must
sanitize, disinfect and deodorize the collection trucks before leaving
the dispatching area and after its disposal.

d. Disposal of wastes. A sanitary landfill is an engineered disposal
site for solid wastes. It should be designed, constructed, operated
and maintained in such manner as to allow engineering control
over significant potential impacts that could arise from the
development and operation of the facility.

Compared to open dumping, a sanitary landfill system has
the built-in advantage of preventing harmful materials such as
leachate and landfill gas from contaminating the environment.
After filling its intended use and after closure, a sanitary landfill also
makes possible the extraction to landfill gas for possible use in
power generation and other uses.

e. Imposing of Fines. The imposition of tickets and fines to violators
of the ordinance were proposed to be made. In case the violator is
a corporation, firm, institution or corporate entities, its president,
manager or person responsible for its operation shall be held liable.
The head of association or owner of malls, condominium and
household shall be made responsible in case of violation of ordi-
nances.

8. Management of Wastes in Barangay Molino V, Bacoor, Cavite.

This community started by maintaining a waste management
project aimed at reducing waste through recycling. Unsegregated garbage
were not collected to impose and enforce their sorting and for people to
learn to do it on their own.

Majority of the people in the community worked together for the
closure of the dump site. All the wastes were removed and the dumping
area was converted into a garden. They planted vegetables and maintained
it everyday.

The project encouraged the majority of the residents to segregate
wastes and establish a Material Recovery Facility (MRF), which served as a
depository and sorting area of the recyclable waste materials. An MRF was
encouraged to be located even inside a residential lot, because it does not
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give a disgusting odor. The MRF had a shredder machine and engine, which
transformed biodegradable wastes into organic fertilizers used for the
garden.

The project started with donations from residents. When the
municipal government found that the waste management project was
successfully working, it provided P300,000.00 grant and a garbage truck.

The project was somehow costly, because they have to hire an
“Eco-boy” who would collect the household’s garbage everyday. The worker
was given P250.00/day plus meal allowance from the P40.00 monthly fees
of the members and the money from the sold recyclable wastes. They were
able to save P10.00 per sack of garbage which the barangay used to collect.
The whole community also earned P7,000.00 from recyclable wastes every
three months. This project also reduced the risk of illnesses caused by
insects and other vermins.

Education of the People

It was highly encouraged in this project that the education about
proper waste management and disposal must start with the family because
not everyone in the family can fully understand the importance of the pro-
ject.

9. The Kleensmoke Burner Technology is an inverted pile incinerator for
waste disposal and energy production.

The burning chamber is a large cylindrical pipe of refractory
concrete, lying either horizontally or a slight upward angle. The present
model, now in prototype setting is 10 m by 1.5 m size (James, 1979). Lon-
gitudinal channels are cast into the wall of the burning chamber, and
combustion air is preheated in these channels before it enters the cham-
ber. The concrete walls can withstand temperatures up to 160 degrees
centigrade and the ends of the burning chamber are closed by refractory
concrete plates, which have penetrations for fuel addition at the bottom
of one end. The primary fuel for the burner are wood- logging or brush
clearing wastes, saw dust and other lumber mill wastes, and woody agri-
cultural wastes such as orchard or vineyard prunings.
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Air Pollution Rehabilitation Schemes and Technology

1.

Scrubber System Air Pollution Control Devices.

These devices remove particulates and/or gases from
industrial exhaust streams. Traditionally, the term “scrubber” has
referred to pollution control devices that used liquid to “scrub”
unwanted pollutants from a gas stream. Recently, the term is also used
to describe systems that inject a dry reagent or slurry into a dirty
exhaust stream to “scrub out” acid gases. Scrubbers are one of the
primary devices that control gaseous emissions, especially acid gases.

The exhaust gases of combustion may at times contain substances
considered harmful to the environment, and it is the job of the scrubber
to either remove those substances from the exhaust gas stream, or to
neutralize those substances so that they cannot do any harm once
emitted into the environment as part of exhaust gas stream.

In wet scrubbing, a wet scrubber is used to clean air or other
gases of various pollutants and dust particles. Wet scrubbing works via
contact of target compounds or particulate matter with the scrubbing
solution. Solutions may simply be water (for dust) or complex solutions
of reagents that specifically target certain compounds.

Removal efficiency of pollutants is improved by increasing
residence time in the scrubber or by the increase of surface area of the
scrubber solution using a spray nozzle, packed towers or an aspirator.
Wet scrubbers will often significantly increase the proportion of water in
waste gases of industrial processes which can be seen in a stack plume.

In dry scrubbing, a dry or semi-dry scrubbing system, unlike the
wet scrubber, does not saturate with moisture the flue gas stream that is
being treated. In some cases, no moisture is added; while in other
designs only the amount of moisture that can be evaporated in the flue
gas without condensing is added. Therefore, dry scrubbers do not have a
stack steam plume or wastewater handling/disposal requirements. Dry
scrubbing systems are used to remove acid gases (such as SO, and HCL)
primarily from combustion sources.

There is a number of dry type scrubbing system designs.
However, all consist of two main sections or devices: a device to
introduce the acid gas sorbent material into the gas stream, and a
particulate matter control device to remove reaction products.
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Dry scrubbing systems can be categorized as dry sorbent
injections (DSIs) or as spray dryer absorbers (SDAs). Spray dryer absorbers
are also called semi-dry scrubbers or spray dryers.

a. In dry sorbent injection, an alkaline material (usually hydrated
lime or soda ash) is added into the gas stream to react with the
acid gases. The sorbent can be injected directly into several
different locations: the combustion process, the flue gas duct
(ahead of the particulate control device), or an open reaction
chamber (if one exists). The acid gases react with the alkaline
sorbents to form solid salts which are removed in the particulate
control device. These simple systems can achieve only limited acid
gas removal efficiencies. Higher collection efficiencies can be
achieved by increasing the flue gas humidity (i.e., cooling using
water spray). These devices have been used on medical waste
incinerators and a few municipal waste combustors.

b. In spray dryer absorbers, the flue gases are introduced into an
absorbing tower (dryer) where the gases are contacted with finely
atomized alkaline slurry. Acid gases are absorbed by the slurry
mixture and react to form solid salts which are removed by the
particulate control device. The heat of the flue gas is used to
evaporate all the water droplets, leaving a non-saturated flue gas
to exit the absorber tower. Spray dryers are capable of achieving
high (80+%) acid gas removal efficiencies. These devices have been
used on industrial and utility boilers and municipal waste
combustors.

c. Scrubber waste products - One side effect of scrubbing is that the
process only moves the unwanted substance from the exhaust
gases into a solid paste or powder form. If there is no useful
purpose for this solid waste, it must be either contained or buried
to prevent environmental contamination. Limestone - based
scrubbers can produce a synthetic gypsum of sufficient quality that
can be used to manufacture drywall and other industrial products.

Mercury removal results in a waste product that either
needs further processing to extract the raw mercury, or must be
buried in a special hazardous wastes landfill that prevents the
mercury from seeping out into the environment.
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2. Mitigating odors in landfill and garbage dumps

Deodorizer floating natural citrus odor counteractant is a floating
odor counteractant to control odors in drains, manholes, sewage
treatment plants, lagoons, garbage dumps, landfills and outside
dumpsters. Its coating action creates a “seal” that floats on the
surface of water. As foul odor seepage rises from below, it must
pass through this ‘natural seal’ which counters the malodors on
contact. This coupling of odors results in a pleasant, positive effect.
It regreases as it deodorizes. It is biodegradable.

Volcanic deodorizing minerals are all natural odorless, non-toxic
volcanic crystals which capture unpleasant odors through its
“negative ionic charge”. Generally all odors are positively charged
gases that float in the air like dust particles. The negative charge of
the volcanic minerals “traps” the positively charged undesirable
odor particles. This particle is similar to a piece of metal being
attracted to a magnet. The minerals attract and hold foul odor
making the air smell fresh.

Dumpsite delight - is a granular solid odor control system,
formulated with citronella oil which eliminates obnoxious odors.
Just sprinkle or broadcast the super absorbent “dumpsite delight”
which filters out malodors, eliminating them, not covering them
up. It is biodegradable and can be used in trash composters,
sewage treatment plants, landfill sites, garbage trucks, municipal
dumps, hospital waste, manure piles, urine, decaying carcasses, all
kinds of food wastes including meats, fish and poultry.

d. BIO-CURE is a liquid biochemical organic formulation, which contains

a blend of several species of bacteria and organic nutrients to ensure
maximum degradation of organic substances and to enhance the
rapid multiplication of enzyme-producing bacteria. It removes foul
odor in actively decomposing organic waste and decontaminates
polluted waste water in processing plants.

It converts harmful disease-producing organisms into useful
elements and eliminates sulfuric odor (H,S) coming from stagnant
water and decaying matter. It lowers the acidity level and gets rid of
organic contaminants in water. It is undoubtedly a non-toxic and
environment-friendly alternative in the preservation of nature.
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To remove garbage odors in landfills and dumpsites, dilute 1
liter of BIO-CURE in 100 liters of water and spray.

3. Phytoremediation technology to minimize air pollution

Trees, shrubs and other forms of vegetation, planted in highly
urbanized areas are nature’s own way of minimizing and controlling air
pollution. The trees give off oxygen and take in CO,. The oxygen the tree
gives off stabilizes the ozone layer, which is made up of pure oxygen that
filters the carcinogenic ultraviolet rays of the sun. The carbon dioxide and
industrial gases that trees absorb reduce the pollutants in the atmos-
phere. Scientists have estimated that a tree uses about 5 tons of CO, for
every cubic meter of wood that it produces through the process of
photosynthesis.

In addition, the tree’s stem, branches and foliage could trap dust
particles and other particulate matters in the air. The leaves could also
absorb other toxic gases in the atmosphere. Broadleaved tree species
with dense open crown proved to be more favorable in controlling air
pollution than needle-shaped leaves. Gases and particulates are either
absorbed or trapped more by large leaves rather than by the
needle-shaped ones.

Plants with irregular surfaces are more capable of removing
gaseous pollutants from the air. The presence of trichomes increase the
absorptive area of the leaves and trap sulfur dioxide.

Some of the locally—grown plants that have the ability to contain
air pollutants such as sulfur dioxide and nitrogen oxide(s) are: ipil-ipil,
mollucan sau, caballero, lumbang, African tulip, and yemane. Plants
recommended for planting near factories, power stations, areas with
congested and heavy traffic to help contain sulfur and nitrogen dioxide
are: yellow bell, Chichirica, San Francisco, bandera espafiola, mayana, and
Zigzag plants.

Other pollution-resistant plant species recommended for urban
areas are adelfa, African tulip, bandera espafola, bougainvilla, bunga,
caballero, campanilla, giant Ipil-ipil, lumbang, mayana, molave, moluccan
sau, pandan, San Francisco, chichirika, yellow bell and Zigzag plant. These
plant species are found in high traffic density areas but they exhibit zero
or almost zero percent injury and are naturally growing well.
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4.

Technology to Determine the Concentration of Lead in Blood of
Individuals Regularly Exposed to Motor Vehicle Emissions.

The study sites identified were at the high traffic density areas
near the Ermita Air Quality Monitoring Station along Taft Avenue. This
site encompasses the side streets of T.M. Kalaw, U.N. Ave., Padre Faura,
Pedro Gil, Gen. Malvar, Julio Nakpil and Remedios. According to DOTC
1990 record, 47,500 vehicles were passing by the area during peak hours
(Ramallosa, 1995).

Blood was extracted from 51 subjects comprising juice and
cigarette vendors, policemen, newsboys, car watchers and street cleaners
for blood lead determination. Medical history of each of the said subject
was also determined by the use of pre-tested interview schedule. Air
sampling was also conducted daily for the lead analysis in ambient air
within the area with the use of high volume sampler. Results of the blood
lead analysis were correlated with the medical history of the subjects to
determine whether the concentration of lead in blood can be attributed
to lead emissions from motor vehicles or from other sources. Correlation
was also determined with the mean of lead concentrations in air and hu-
man blood and the seasonal variation.

From the data, it was found that seasons, age, sex, smoking,
allergies, gastro intestinal problems and exposure to fumes had no effect
on the concentration of lead in blood.

5. Technology to Analyze the Pollution Uptake of A. mangium and

A. auriculiformis.

In NCR, included were 36 and 14 total sampling sites for
A. auriculiformis and A. mangium, respectively. Leaf samples were
collected from 4 to 5 trees from each study site. Leaves were taken from
top, middle and lower portions of the trees. These were mixed together
in plastic bags and were analyzed for SO, and Pb content at the Bureau of
Plant Industry (BPI) and UP National Science Research Institute (NSRI)
laboratories. Same activity was conducted in non-pollutive areas like La
Mesa Dam in Quezon City and UP Los Bafios.

Comparisons of the laboratory result analysis for SO, and Pb in
leaf samples were done for pollutive and non-pollutive areas.
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Result of the study showed that leaf samples of A. auriculiformis
and A. mangium collected at pollutive areas were high in SO, and lead
content when compared to those at non-pollutive areas. Both tree
species therefore, can be potential absorbers of SO, and lead in the
atmosphere. Planting of these trees could be one of the solutions to the
heavily polluted air in the National Capital Region (NCR) and other highly
urbanized areas in the country (Ramallosa, 1995).
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Appendix Table 1. COMMON AND SCIENTIFIC NAMES OF RECOMMENDED PLANT

SPECIES FOR URBAN AREAS

Common Name

Sciencitific Name

Acacia Samanea saman
African tulip Spathoda campanulata
Akle Serialbizia acle

Adelfa Nerium oleander
Agoho Casuarina equisetifolia
Ambherstia Amherstia nobilis
Aratiles Muntigia calabum

Atis Anona sqamos

Anahaw Livistonia rotundifolia
Avocado Persia Americana
Bitaog Callophyllum inophyllum
Balete Ficus Benjamin
Balitbitan Cynometra ramiflorea
Banaba Lagerstroemia speciosa
Blue palm Neodyosis decaryi
Botong Barringtonia asiatica
Bunga de China Adonidia bluescens
Bougainvilla Bougainvilla sp
Caballero Caesalpinia pulcherrima
Caimito Chrysophyllum caimito
Carabao grass Paspalum conjugatum
Champaca Michelia champaca
Champagne Mascarena lagenicaulis
Chichirica Altemanthera amoena
Chico Achras zapota
Coconut Cocos nucifera
Cucharitas Altermanthea ficoidea
Dapdap Erythrina indica

Dwarf calachuchi.

Adenum obesum

False bird of paradise
Fire tree

Heliconia psittacorum
Delonix regia

Fringon Bauhinia purpurea
Golden shower Cassia fistula

Guava Psidium guajava
Guyabano Anona muricata
llang-ilang Cananga odorata
Kamagong Diospyros discolor
Kamias Averhon balimbi
Katmon Dillenia philippinensis
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Langka
Luha ng dalaga
Lantana

Artocarpus heterophylla
Pedilanthus tithymaloides
Lantana camara

Mc Arthur palm
Mabolo

Ptychospera macarthurii
Diospyros dioscolor

Mahogany Swietenia macrophyla
Mango Acacia mangium
Mangium Mangifera indica
Manzanitas Zizipus mauritians
Melendres Lagerstroemia indica
Molave Vitex parviflora

Narra Pterocarpus indicus

Palawan cherry

Cassia rodosa

Palmera Chrysalidocapus bluesens
Palosanto Triplaris cumingiana
Pili Canarium ovatum
Pink tecoma Tabebuia rosea

Pink shower Cassia javanica

Rain tree Samanea saman

Red palm Cystotachys renda
Rain Tree Samanea saman
Rose moss Portulaca grandiflora
Royal palm Roystone regia
Santol Sandoricum koetjape
Saraca Saraca declinata
Sampaloc Tamarindus indica

Shanghai beauty

Janthropha panduriflora

Talisai
Traveller’s palm

Terminalia catappa
Ravenada madagascariensis
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