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MISSION STATEMENT

The Global Lovirenment Facidity/ nited Nations Develapment Programme Intemaional Maritme
Orgwnization Regional Pregranime on Bulding Partnerships in Environmental blanagement for the Seas of East
Ast PEMSEAY aims o promate a shared vision for the Scas ol Fast Asia

“The resource svstems of the Sens of Fast Asia wre a nalural herilage, satepoarding
sustuinable and healthy food supplics, livelihood, properties and investments, and socil,
collural and ecological values for the peaple of the region, while comnibuting o economic
presperity and plobal markers through sate and elficient maritime trade, thereby promasting
a peacelul and harmoenious co-exasience for prosent and luture geoeratons,”

PEMEEA tocuses on butlding imtergovernmental, interagency and mcecseetoral partnerships to strengthen
coviconmental management capabilities at the Jocal, national and regronal levels, and develop the collective
capacily wimplement appropriate strategics and environmental acoon programs on selreliant basis,
Specilically, PEMSEA will curry oul the Following:

build national und regronal capacity to implement integraled coastal management programs,
pramote multi-ceuntry initialives in wddressing proocisy sranshoundary environment ssies o
sub-regional sea areas and pollution hotspots;

rein foree and establish o range of functional networks 1o support ensiranmental managenent:
identity environmental mvestimen! and Ninancing opporunities and premote mechanisms, such
as public-private parinerships, environmontad projects for financing and other forms of
developmental nssistance;

advunee scientific and weehnical inputs 1w support decision-making;

develep integrated intormation management systens linking selected sites o a regronal
network for dura sharing and technigal supporl;

establish the enabling enviromment w reinloree delvery capabilines and advanee the cuneems of
non-govemment and  communile-based  orgamzations, environmental journalisis, religious
groups and other stakeholders:

strengtlien national capacities tor developing intepruted coastal and marine pehicies as puet of
stale policies tur sustainable socio-economic developioent; and

promote regional commitment for jmplementing internauonal conventions, and strenethening
regional and sub-regional couperation wnd collabaration using a sustinable regional mechanism,

The eleven participatng countries are: Brunet Durossulios, Cambaodia, Democrate People's Repubilic of
Forea, Indonesia. Malavsia, People’s Republic of Ching, Phlippines. Republic of Korea, Singapore, Thaland and
Vietnum. The collective effons of these counrries in implemuentng the stategios and activitees sall result i
clfective policy and managenent inteeventions, and in comulutive global eoviranmental benetits, therely
contribuling twards the achicvement of the ulsimate goal ol protecting ond sustaining the Tie support svstems in
the coastal and titernational waters over the long term

Dr. Chua Thia-Eng
Regional Programme Director

PEMEEA
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Executive Summary

Environmental risk assessment estimates the likelithood of harm being dune (o
identilied targets as a result of factors emanating from human activity, but reaching the
targets through the environment. This combines knowledge about the factors that bring
about hazards. their levels in the environment, and the pathways to the targets,

The potential harm to human and envirommental targets may arise 1rom exposure
to contaminants in the environment. These contaminants come from activities thal bring
ceonumic growth and contribute benefits to society, There can be twa approaches to
protect the environment and human health, One approach is to e¢liminate the contaminant
or stop the activity that produces it. Another approach is to prevent the contaminant level
Irom exceeding an allowable level that presents aceeptable risk,  Elimination of
contamination to zero concentration may require large investments, and discontinuing
economic activitics may hinder the delivery of goods and services that contribute 10
human welfare and economic development.

The second approach, the risk-based methodology, presumes that there are
contaminant levels m the environment that present low or acceptable risks to human
health and the environment, and that there is rot always a need [or zero emussion levels.
Scientific studies have specified threshold values below which adverse elfects are not
likely 1o oceur, These studies also present possible consequences Lor contaminant levels
that exceed the threshold values. This implics that economic development activities can
be managed at levels that promote human health and environmental protection, vet
maintain activities that produce economic benelits. This emphasizes the importance of
cost-benefit analyses in sustamable development initiatives,

Patential harm to environmental targets may also arise from indiscriminate
extraction ol resources and physical destruction of habitats.  The environmental impacts
ol these activities stem firom the loss of ecological functions and consequent disruption ¢f
ecological balance. The impacts may not be as evident as impacts from pallutants hut
could be irreversible and may lead to preater losses.  Risk assessment evaluales the
consequences of these activities and weighs the adverse effects o the environment
against the contributions to economic development and benefits to socicty.

The risk assessment attempted te answer two questions: “what evidence s there
for harm being done 1o targets i the bay?” (reterred to as retrospective risk assessment)
and “what problems might occur as a consequence of conditions known 1o ¢xist, or
possibly exist in the future?” (relerred 1o as prospective risk asscssment),

To answer these questions, 11 15 necessary to identify appropriate targels,
assessment endpoints, and corresponding measurement endpoints,  Assessment endpoints
are features related o the continued existence and functioning of the identified targets
such as community structure or diversity, production, density changes and mortality.
These, however, may not be easy or would tike much time o measure. So other features
related o the assessment endpomnts and which are easier to measure are used instead.
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These are called measurement endpoints.  For the ewrlier mentioned  assessment
endpoimts, the correspondimg measurement endpoints are presence of mdieator species
(for community structure/diversity), biomuass (for production). abundance (for density
changes), LCy ar uomarkers (lor mortality) (MPP-EAS, 1999a).

The initial risk assessment of Manila Bay was conducted as a preliminary step to
the relined risk assessment. 1t provides a glimpse of environmental conditions in the bay
using available secondary data. Tt serves as a screening mechanmism to wdentify priority
environmental concerns in the bay, identify data gaps and uncertainties and recommend
arcas for immediate management intervention or for further assessment. 1t identilies
contarnimants that present acceptable risks and hence, may not need further assessment,
and highlights contaminants that present risks to the environment and/or to human health.
[t also identifics resources and habitats that are at risk and recognizes significant causes
ol risks. The results of the initial risk assessment will be used to formulate an action plan
for 2 mare comprehensive risk assessment that is focused on the identified priority arcas
of concern.  Evaluating the results of the initial risk assessment will also facilitate
improvement and refinement of the methods used.

The mitial risk assessment also draws attention to the importance of collaboration
amony different guvernment agencies, universities and scientilic and techmical research
institutions and the roles that these groups may undertake in the risk assessment. The
wide range of expertise and knowledge ol these dilterent groups would contribute to the
efficient conduct and success of the risk assessment. - A mechanism 1o facilitate sharing
of information and access to existing data should also be put in place.

[n the refined nsk  assessment, the  methodolopies,  conclusions  and
recommendations in the initial risk assessment will be verified and, if possible, updated.
The assessment will be focused on the identilied human health and ccological issues,
More in-depth characterization of contamination with respect to spatial distribution will
be conducted geared at identifying hol spots and determining the relative contribution of
various sources ol contanunation,  Predicting the Jevels and distribulion of contaminuants
will be made possible by employing models that incorporate information on contaminant
releases, puts from tnibutaries and major poinl sources, fate of pollutants and the
hydrodvnamies of the bay, Maore sophisticated techniques will also be used w improve
uncertainty analyses. And, for parameters for which data are not available, the refined
risk assessment will include @ systematic collection of primary data.

The results of the risk assessment — what is at risk and how 1t can be protecied
apainst the risk = are essential Lo ensure its sustainability, It gives management decisions
a certain degree of confidence and it is hoped that relinement will provide resource
managers the opportunity to predict specific ecological changes brought by specific
stressors for use mn altemative management decisions, Risk assessmient as a management
wol is expected o play a significant role in strengthening marme pollution risk
management.
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In risk management, options for addressing priority environmental concerns are
identified. The benefits and caosts to society of emploving the identified management
oplions are censidered as well as stakcholder consensus on appropriale muanagement
isterventions,  The approved risk management interventions will be incorporated n the
Strategic Environmental Management Plan (SEMP) for Manila Bav.

The ntial risk assessment of Mamila Bay began with the delineation of the
boundaries of the bay as study area for the risk assessment. The study area and
administrative boundaries are presented in the fullowing [igure.

The Administrative Boundaries (LGUs) and Study Area of
the Manila Bay Project

LECERD:;

ey Bataan

1 Bulacan
b Cavile

M0 Laguna
hetro bMamla

Mueva Ecija
K P§ﬂ1panga
= Rizal

[

2228 Tarlac

«+-aee approximation of study area

Manila Bay is a semi-enclosed estumry which is connected to the South China Sea
via a 16,7 km-wide entrance (PRRP, 1999). 1t covers three regions: Region 11, Region
1V and the National Capital Region (NCR) and is bordered by NCR and the provinces of
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Batasn, Pampanga, Bulacan and Cavite. [t receives drainage from approximately 17,000
kin® of watershed consisting af 26 catchment areas.  The cutchment area is bounded by
the Sierra Madre mountain range to the cast, the Caraballo mountaing 10 the north, the
Zambales mountains to the northwest and the Bataan mountains to the west (BFAR,
1995),

Maunila Bay has a ceastline of approximately 190 kn and a surface area of about
1,500 km™, [t consists of a gently sloping basin with the depth increasing al a rute o 1 m
per km from the interior to the entrance and has an averape depth of 17 m (PREP, 19993,

The population m the overall drainage area, as of 1993, is approximately 16
million (NSO, 1996). Economic activities i catchments and around the perimeter of the
Bay range from {ishing and agriculture to a varety of industries including an expanding
petrochemical sector.

The study arca consists of the immediate watersheds draining into Manila Bay
through wibutaries and major river waterways {arca delineated with dashed lines). [t
covers almost the whole of the Cavite, Bulacan, and Pampunga provinees, as well as,
Natienul Capital Region. and about half of the province of Bataan. This includes the
municipalities found within an area that starts off at the Limit Point in Cavite, covering
almost the whole province as its watersheds sturt 1o dram [rom the Tagaytay Ridge that is
found in the seuth casternmaost part of the provinge, The sidy area also covers the eities
and municipalities of the National Capital Region, except for portions of a few
municipalities that have waterways thalt druin into Laguna Lake.  The provinces of
Bulacun and Pampanga are also part of the study arca since the rivers and waterwavs
found m both provinces eventually drain into the bav. In the province of Bataan,
headwalers of rivers start [rom the mountainous and lullv arecas of the ML Natib and Mo
Mariveles and other smaller mountain and Wil ranges which form a ndge that almost
divides the Bataan peninsula into two up te Cochinos Point in Mariveles, Bataan, with
ane half of the province draining inte the bay and the other hall into the South China Sea.

The results of the retrospective and prospective risk assessments are summarized
in the following sections.

RETROSPECTIVE RISK ASSESSNIENT

In the retrospective risk assessnment. qualitative and quantitative observations on
the resources and habitats were assessed in reference 1o carlier observations Lo determine
if there are significant changes, particularly deeline. Polential agents were 1dentificd and
the likelihood that these agents caused the impacts on the resources and habitats were
determined.

Data for the retrospective assessment were mostly 1aken from the Resource and
Ecological Assessment of Manila Bay (BFAR, 1993) that was completed in 1995 under
the Fisheries Sector Program of the Bureau of Fisheries and Aquatic Rescurces (FSP-
BI-AR)Y,  Other sources of information include the Philippine Journal of Fisheries ol

v



BIFALR, the compilaton of studies and reperts from the Tambuyog Develapment Center
(1990), and the reports prepared by the Department of Environment and Nutural
Resources (DENR) Region 3 (1999) and National Capital Region {1999) on the
watershed of Mamla Bay within their respective jurisdictions,

The resources considered include: 1) fisheries, 2) shellfisheries, 3) seaweeds, and
4) phvtoplankton.  For habitats, the following were assessed: 1) mangroves. 2) coral
recfs, 3) seagrass beds 4) sofl-bottoms, 5) mudilats, 6) sandflats and beaches, and 7)
rocky shores,

Resuls

A clear evidence of decline based on research information (BFAR. 995,
Tambuyog Development Center, 1990; and FSP-DA, 1992) was established for fisheries,
shellfisheries and mangroves,  For coral reels, there were no records of the previous
extent of cover but there were unpublished accounts indicating that there has been a
decline in the quality and cover ol the reefs,

For fisherics and shellfisheries. the identified primary agents were overfishing or
overcollection and the use of destructive (ishing methods, Discharges from land- and
sea-based  activines have also brought adverse ccological effects that miay  hawve
contributed to the decline in these resources, especially for shellfish, This is evidenced
by the low dissolved oxvgen (DO} in the water column indicating increased oxveen
derand on the bay for degradation ol organi¢ inputs. The low DO has been suspected as
the major cause of decline in the benthos, which has consequent adverse effects on
organisms at higher trophic levels that are supported by the benthic community.
Expusure 1o toxic contaminants m the water column may also have adverse eflects on the
reproductive processes and growth of these resources.  Another factor that has
contributed 1o the decline in lisheries/shellfisheries 1s the destruction of habitats such as
mangroves and corals that has led to the loss of their ecological functions as breeding,
spawning and nursery grounds {or various marine lile.

For shellfisheries, it 1s important to note that although overcollection was
identilied as the most likely agent for the decline, several fuctors need to be considered in
interpreting production data and attributing causes of decline, These facters include the
distinction between collections from culture farms and from the wild, and the possible
effects of the red tde episodes on the demand for shelllish from the bay.

The primary factors identified in the decline of mangrove cover were physical
removal for various purposes such as reclamation for development projects, conversion 1o
fishponds and collection lor alternative hivelihood. The eftects of pollution cannot be
disregarded but this 15 not as signilicant as the impact of the identified primary agent.
There were reports of pest infestation that has contributed t the decline but this was
localized and may be one of the manilestations of the effeas of pollution. An ecosvstem
(e.g.. mangrove) under stress may be susceptible to various pests.



The decline i coral cover was attributed to physical destruction Irom collection
activities and from improper fishing practices as well as smothering of the corals due 1o
increased sedimentation from reclamation and other land use conversion activities. The
levels of some chemical contaminants in the water column and sediments may also have
contributed to the decline,

Phytoplankion is an important resource that supports higher trophic levels in the
hay. There were no available data thut could be used to ascertain if this resouree is ot
risk but dute on chlorophyll-a, an index of primary productivity was available. Based on
the increasing trend of chlorophyvll-a concentrations and also the elevated levels of
nutrients that are required for primary production, it was obvicus that phytoplankion is
not at risk in the bay, On the contrary, it should be treated as an indicator ol ecological
problems (as signal ol cutrophication and harmiul phvtoplankton blooms).

For other resources and habitats, retrospective nisk assessment could not be
performed due to lack of mformation on previous extent of cover and distribution m the
bav.

PROSPECTIVE IISK ASSESSMENT

In the prospective risk assessment, potential stressors in the area of interest were
identifted and the measured environmental concentrations (MECS) of these stressors were
compared with threshold values or predicted no elfect concentrations (PNECs) to obtaim
risk quotients (RQs). An RQ less than one indicates acceptable risk and suggests little
coneern while an RQ greater than one signifies cause for concern, The level of concern
increases with increase in RQ.

The primary source of information fur the prospective risk assessiment was the
Pasig River Rehabilitation Program Report (PREP, 19993, Other references that were
used include the Fisheries Sector Program  Resource and Lcolopical Assessment of
Manila Bay (BFAR, 1993), the Report of the Manilu Bay Monuoring Project (EMB-
DENR, 1991%, the Philippine Environmental Quality Repont for [990-1996 (EMB-
DENR, 1996), and several published articles from scientific journals and proceedings. A
detmiled list of the sources of data for each parameter is given in Appendix 20 1 ineludes
descriptions of the data and sampling stations.

Most of the data used were presumed o be accurale and reliable although
preliminary sereening was done for some data for which ranges of concemrations in
different environmental conditions are known.

The PRRP {1999 study was conducted from 1996 10 1998, The study covered 10
monitoring stations for water column parameters every month and 10-18 stations {or
sediment parameters twice a year, These stations were spread across the entire bay, The
manitoring stations for tissue parameters were limited to Bulacan, Parafiaque and Cavite.
The other studies covered nearshore stations around the bay or some sections of the bay
anly.
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The PRRP {1999) study provided the most extensive spatial study of the waler
column and sediments, The stations covered, were, however, still limited and may not
represent conditions in the entire bay. The PRRP sampling stations for water quality,
sediment and shellfish tissue are presented in Appendix 3 {a — ¢), along with the sampling
stattons for PAHs i sediments from a separate study (Santiaga, 1997).

The threshold values or PNECs for water gquality were from the Water Quality
Criteria for Coastal and Marine Waters in the Philippines (DAO 34, 1990), ASEAN-
Canada Proposed Marine Water Quality Criteria (Jusoh et al.,, 1999), US-EPA Quality
Criteria for Water for regulitory purposes (US-EPA, 2000} and the Chinese Standards for
Different Classifications (National Standards of PR, China, 1993),

For sediments, the PNECs were taken from the Hong Kong Interim Sediment
Quality Criteria, Threshold/TProbable Effects Levels from Canada and the NOAA LEffects
Range (EVS Eovironment Consultants, 1996).

FFor human health guidelines, the tolerable daily intake values (TDI) were mostly
[rom the United States Food and Drug Administration (hitp:vm.efsan. fda gov, cited in
MPP-EAS, 1999h) and the rates of seafood consumption came from the Food and
Nutrition Research Institute (FNRI, 1987), The List ol eniteria is presented as Appendix 4.

The choice of threshold values was based on what was available with the
assumplion that these values were suitable for Mamla Bay, Most criteria and standards
available have been generated in temperate regions so their relevance in a tropical arca
should be reviewed.

Average and worst-case {maximum) risk guotients from  water-borne  and
sediment-borne  substances and from consumption of contaminated seafood were
calculated and used for comparative risk assessmenl.  Comparative risk assessment
provides a bavwide perspective through the average RQs and a hotspot perspective
through the worst-case RQs, [t also shows the relative concern among the different
chemical contaminants. This approach is conservative in that the worst-case conditions
are presented. It alse cffectively screens oul contaminants when the worst-case
concentrations still do not indicate significant cause for concern, and this is the value of
the initial risk assessment.

Resulrs

The following are the results of the comparative risk asscssment of both human
health and ecological risks.

[ Human health risk arises from bathing in fecal coliferm-contaminated waters
(RQmex = 4,300} and from consumption of seafood contaminated with fecal
coliform (RQue, = 2,667). Additional risks associated with high levels of some
metals and pesticides in tissue also indicate that these are priority concerns.
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2. Feologicallv, in the water column. highest risk was associated with high
phosphate fevels, High RQs lor DO, wital suspended solids (T55), and ammonia
were also ubtned,  Dtermediate risk was shown for nitrate, oil und grease and
certain pesticides.  Tleavy metal levels showed low concern (RO < 1) althougl
very limited data were avatlable Tor this parameter so this has o be veritied usimg
ather dala.

Lra

In the sediments, ligh sk was associpted  with copper and  cadmium.
Inermediate risk was shown for meccury, chramium, lead and certain pesticides.
Polveyelie aromatic hvdrocarbons (PAH). in general. showed acceptable risk
except fur an isolated value of dibenzoiahlanthracene, a carcimogenic PAH. that
showed intermediate nsk.

It is important o emphasize that the average ROs exceeded the value 1™ lor the
fullewing parameters: total and fecal coliform in the water column and tissue. phosphate
in the water column and copper in sediments, This signals a genersl cause for convern, al
least for all the stations where samples were taken. For DO, although the average RO did
not exceed one, low DO conditions vver short periods may have considerable impact on
Fauna, particularly benthic animals.  For the other parameters, the low average ROs
indicate localized risks,

Duta Gaps

The risk assessment, aside from highhghting areas of concern, also identified the
following patentially important data gaps:

I For water column, there were no available data on BOD/COD in the bay, PATls
and other orginic chemicals and limited information on heavy metals, pesticides
and oil and grease,

2. For sediments there were noo available duta on other organic  chenueals,
particularly organctins, and yet levels of shipping would suggest that these are
potentially important  contaminants derived from anti-fouling paints.  And
cenerally, there was a lack of appropriate criteria for pesticides and for TOC.

Tl

[n werms of human health rmisks, there was a lack of available data for some
pesticides and beavy metals in fish. There were no available data {or pesticides,
heavy metals and colilorni in shellfish tissue as well as coliforn in water from the
western seetion of the bay. There was totally no available data on PAHs and TBT
in tissue.  There were also lew TDIs for the pesticides, no TDIs for cssential
metals, and no eriteria o standard Tor wtal coliforms 1n shellfish and [ish Lssue,

4, There was also inadequate data on phytoplankton in the water column, cyst counts

in sediments and PSP levels in shellfish e conduct a misk assessment {or toxic
algal blooms.
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5. There was lack of information necessary to be able to assess the likelihood of
accidental oil spills from shipping and the consequent eifects on the ceosystem.
Rate of ship movements into and out of the bay, quantity and quality of carge,
expertence of crew, age of vessel, and various other factors should be considered.

Clreertaintios
| MECs and PNECs

The risk guotients obtained and the conclusions drawn depend largely on the
accuracy of the measured concentrations as well as the suitability ol the threshold values
that were used m ealeulating the risk quonients.

Considerable effort has been pul to evaluating the rehability of the data used in
the risk assessment although for some parameters for which there were very few data, the
risk assessment was done using the available data.

For the threshold walues, uncertainty may anse from the use of erterna or
standards that were specilied for temperate regions or other locations. The suilability of
these values in the lropics, particularly in Manila Bay, sull has to be verified.

In the assessment of rigk to human health using tissue daty, ROs for different age
groups are obtained by dividing the measured contaminant levels in seafood tissuc by the
threshold value for different age groups.  The threshold values arc called levels of
concern (LOCs) and are obtained by dividing the twolerable daily intake (TDI) [or cach
age group by the consumption rate of the corresponding age group. In the initial risk
assessment, only the local consumption rate was available so this was used 10 get the
LOC for all age groups. II the consumption rate for the younger age bracket would be
considerably Tess than that for the older age bracket, the use of average consumption rate
for the former would generate a high LOC and, consequently, high RQ. This would tend
o over-estimate the risk for the younger age group.

.k Limited data

The limited number of monitering stations {or all the parameters does not allow
bay-wide generalizatons to be made, 11 would be sale 1o apply the statements only 1o the
areas where measurements were taken.

The limited data used for some parameters brings uncertainty to the results of the
risk assessment. This is the case for heavy metals in water for which acceptable risks
were shown and centain pesticides in the water column for which medium cause for
concern was obtained.
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3. spatial and wemporal varnations

Worsl-case condilions indicate potential hot spots but these were not identified,
This would require analvsis of spatal varability, Contaminant levels may also be
alfected seasonally so temporal variability should also be assessed.

The inital risk assessment has been based on average and worst-case conditions,
More detatled uncertainty analvses would be needed to clarify somie of the assessments.
Consideration of spatial and temporal variability in the data would also enable more
detailed and specific assessments to be made such as determination ol relationships
between predominant human activities and levels of contaminams,  This would
particularly be useful in the wentilication of contaminant sources and setting up of
interventions,

At this pomnt, it would be wise to reiterate that the results of the risk assessment
are not always representative of the entire bay,  For some of the parameters, the data
represented only certain areas in the bav. Even for the parameters that were taken from
statlons spread across the bav, the large distances between stations do not allow abselute
generalizations to be made. In using the results of the iatial risk assessment, it would be
more aeeurate to state clearly whether the statements apply to certain locations only or
are being applied, with caution, to the whole bay. A more in-depth analysis of the data in
the reflined risk assessment mayv be able to address this.
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Summary of Recommendations
! Risks to fmeman healili from coliform contamingtion

Human health risk arises from tecal coliform contamination in the water column
and 1n seafood tssue. The high bacterial lead is attnbuted mainly to sewage generated
from households and commercial, agricultural, institutional and industrial establishments
that discharge directly to the bay or 1o the drainage and river systems which evenwally
enter the bay. To address this problem, several short-lerm and intermediates/long-term
risk management recommendations are provided.

The following short-term recommendations are designed to confirm baseline
infonmation on the impact of sewage discharges mto Manila Bay as well as to avoid
human health problems.

a) Maintain and  analyze morbidny and  mortality data in communitics
surrounding Manila Bay,

b} Conduct routine menitoring of water and shellfish in bivalve-growing arcas,
{izsh and shellfish in market places, and waters in beaches or contact recreation
areas.

¢y Control food supply from contamimated bivalve-growing areas and regulate
the use of contaminated beaches and bathing stauons,

d) Conduct information campaigns on the results of monitoring and establish
other measures o prevent possible human contact with contaminated waters
and lood.

¢} Gather secondury dala on colilorm contamination or coliform loadings for all
major tributarics.

f) Models should be used to identify and cvaluate impacts as well as
management oplions.

g) Perform benelit-cost analysis to identify appropriate interventions,

The following management recommendations are designed to address the root
cause ol sewage contamination in Manila Bay. These reconmmendations will require
massive imvestment and take considerable time, but the initial risk assessment has
determined these as prionty areas for consideration as part ol the risk managememnt

program.

4} Accelerate sewage collection and treatnent programs in watershed arcas
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) Elinminate direct discharges (iLe., no treatment) of domestic, indusirial and
agricultural waste, including septic or sludge disposal 1o Manila Bay and its
inbutaries

¢) lmplement control programs for indiwect discharges, such as urban and
agrcultural run-ofl, o Manila Bay and its wibutaries.

d) Provide safe potable water supply to houscholds

Although the data used in the miual rsk assessment only came from Metro
Mamla, the likelihood of similar situations {i.c., no centralized sewage collection) exists
so these recommendations should be considered for the entire Manila Bay watershed.

2 fisks to foman health from heavy metels and pesticides

Risks 1o human health are associated with high levels of some metals and
pesticides noseatood tissue, The following are the recommendations for the refined risk
assessnent;

a) [dentify morbidity and mertality statisties in areas surrounding Manila Bay
and, if feasible, identify the extent to which human health has been alfected by
the levels of metals and pesticides in seafood tissue and identify vulnerable
LroLps,

k) Conduct rapid apprasal of heavy metal and pesticide leadings to the bay

¢) Use models to predict the fate of heavy metals and pesticides in the bay and
estimate the levels in water, sediments and tissue,

d} Tor the computation of risk quotients, use local consumption rates and
tolerable datly mtake (TDL) data for different age groups. Consumption rales
in coastal arcas may alsoe differ from consumption rates in in-land areas,
Appropriate TDIs for essential metals should also be used.

As part of an overall environmental management of the bay, develop an intearated
monitoring progrim 1o conduct routine monitoring of heavy metals and pesticides in
seafuod, particularly shellfish tissuc.

[n the sediments, high nsk was associated with copper and  cadmium.
Intermediate risk was shown tor mercury, chromium, lead, certan pesticides and PAH.
Except for copper, elevaled levels af the other abovementioned contaminams were
lecalized.

There is no direct evidence that contaminants in the sediments pose risks 1o

human health but because of human activities within the watersheds, it is prudent to
melude heavy melals, pestcides and PAHs inosediments as part of the refined risk
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assessment. The pathways to humans of heavy metals in sediments should also be
determined.

3. Ecological risk from nutrients

Phosphate was determined to be a priority area of concern throughout the bay. On
the other hand, ammonia was shown to be a localized high concern while nitrate was a
localized intermediate concern.

Nutrients are required for primary productivity but elevated concentrations may
cause eutrophication and may lead to phytoplankton blooms and, potentially, may trigger
harmful algal blooms. These have implications on dissolved oxygen levels in the bay
and, eventually, on the benthos and other sessile organisms.

To be able to determine the areas in the bay where high nutrient concentrations
were obtained and where marked impacts may be more likely to occur, a detailed analysis
of spatial variability is necessary. Analysis of temporal variability would also be needed
to determine seasonal effects on the nutrient concentrations. A more detailed assessment
of the linkage between elevated nutrient concentrations and phytoplankton blooms would
also be a useful first step toward understanding the environmental and economic
implications of nutrient discharges.

Spatial and time-series data of nutrients and dissolved oxygen at the sediment-
water interface and in sediments will also be useful in assessing changes in the benthic
community. Collaboration with research groups conducting such studies should be
considered.

The possible sources of nutrients in Manila Bay are domestic, commercial and
institutional waste and sewage, untreated or partially treated industrial effluents,
particularly from the detergent and fertilizer industries, and agricultural discharge or run-
off. All of these are contributing significant amount of nutrients to the bay but there is a
need to determine the most significant sources to be able to prioritize interventions. This
can be done by estimating or gathering information on loadings from the identified
sources and by modeling.

4. DO/BOD/COD

The low levels of dissolved oxygen (DO) in the bay, especially in bottom waters,
may have significant ecological consequences on the benthos and shellfisheries and,
indirectly, on the organisms that feed on the benthos. Anoxic conditions also adversely
affect aesthetics.

The main cause of reduced dissolved oxygen levels is the oxygen demand for the
decomposition of organic materials in the bay. Organics come from continuous organic
discharges from land-based human activities, tank-cleaning or operational discharges
from ships and also from phytoplankton blooms.
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BOD and COD are important water quality indices that rellect the amount of
arganic contaminants in the water. The problem is that there are ne established standard
methods for BOD and COD determinanon in senwater,  The imporiance of these
parameters in Manila Bay can be gathered from the high BOD and COD levels in the
rivers draining to the bay and the Jow measured DO concentrations o the bay.

This demonstrates the need to estimate the oxygen demand in the bay using rapid
appraisal. 1t also highlights the need 1o develop @ model for organic loading and the
polential impacts in the bay, The estimated organic load using the model can be verilicd
using the results of the rapid appraisal and the BOD and COD measurements from the
river systems. The predicted impacts in the bay can be verilied using the dissolved
uxygen measurcments from monitering activities.

To ascertain the degree of ecological impact of reduced DO levels in dilTerent
arcas in the bay and also to identity principal sources of organic load, it is recommended
that a detailed analysis of spatal vanability be performed.

A detailed analvsis of DO measurements through time {temporal analysis) should
also bie performed to determine the duration of exposure of organisms to low DO and the
likely acute or chronmic elfects.

Information on DO measurements during phytoplankton blooms should be
gathered to determine the degree o which blooms aflTect DO levels, extent of areu
allected and duration of exposure of arganisms to lew DO levels,

I a5 also recommended that signilicant sources of the organie load be jdentticd
and the relative caontributton of mdustries be determmed.

4l Soptrcey and threshiold value for TSY

Suspended solids in the water column may reduce light penetration in the water
and unpair photosvnthesis thereby allecting primary production and, conscequently, the
arganisms at higher trophic levels, Suspended solids may cause smothering of corals
and. potentially, adversely affect scagrasses. Suspended solids may also serve as
adsorption surfaces o toxic contaminants aod 2 transport route 1o the boltom scdunents.

suspended solids reler 1o organic and norganic fine selid particles suspended in
the seawater. It includes contributions from biological components like plankton and the
excretion and remains of marine organisms. Other natural sources include eroded soil
and rocks and lahar that are carried to the sca by runoffs, Suspended solids may also be
dertved from varous land-use practices in the watersheds and along the coast like land
reclamation projects, aquaculwre and agriculural actvities, and mining activities; from
coastal erosion as a consequence of habitat destruction and sca level rise; from
resuspension of bollom sediments as a consequence of dredeing. trawling and natural
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mixing; and from industrial solid wastes, waste water, domestic discharges and waste
dumping. '

There is a need for a detailed analysis of spatial and temporal varahility 1w
determine the areas where elevated TSS concentrations were obtained and the variability
i e coneentrations with time,

There 1s uncertainly in the use of (the interim standard of the Department ol
Enviranment of Malaysia for TSS (50 mg/l}y as threshold level for TSS in Manila Buy,
Other criteria do not specity values for TSS but instead indicate that the threshold should
nol be 30 mg/l greater than the annual average (DAQ 34) or should not be 10% greater
than the scasonal average (ASEAN) since there is natwral variability in suspended solid
concentrations in different locations. Information on background levels of TSS in the bay
should be gathered or seasonal or annual averages should be caleulated so that the TSS
levels in the bay can also be assessed using other criteria.

In harmony with a bvdrodynamic model of the bav, mudels showing the fate of
suspended solids in the bay and the potential tmpacts en habitats and resources should be
utilized.

Coastal erosion, which may be related to sea level rise, has implications on human
activities especially along the coast. The relationship between coastal eresion and sea
[evel rise and the mmpact on ceonomic activities i the coasta]l ares need further
consideration as part of the refined risk assessment,

For cnviranmental management, there is a need for a detailed analvsis of the
relative contributions of various sources ol suspended solids.  The contributions of
vartous potential sourees, espectally those associated with hunman activities. should be
evaluated.  FEnvironmental impact assessments (EIA) of reclamation aod  coustal
development projects, in particular, should carefully assess the potential contributions of
these actvities o suspended selids 1o Manila Bay,

. Ol and grease

The inmitial risk assessment indicated medium concern for oil and grease i the
waler column, This result seemed incompatible with the amounts of o1l and grease that
are visually ebserved at nearshore areas especially near the port. Oil and grease in
oftshore locations in the bay may not be elevated but measurements i near-slhore arcas
especially near ports, refineries and industrivs may be higher and should be assessed.

The results of the risk assessment depended largely on the criteria value that was
used as PNEC., Comparisen of critical values f{or oil and grease from various sources
showed differences by orders of magnitude. This would mean that the use of critical
values from the lower end of the range could result 1w higher RQs than what were
oblamed n the imiual nsk assessmenl.
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The complex mixture of organic compounds 10 oil and grease may have different
adverse effects on marine hile particularly shelllisheries and benthic orgamsms, (1 also
has implicatons on oxveen demand for biological degradation and on aesthetics and

recreation.

Several medium and long-term recommendations are provided o address

these concerns.

(nl and grease in the marine environment may come from various fand-based
sources, in particular, municipal wastes, urban run-ofl and petroleum refineries. It may
also come from sea-based sources such as shipping activities.

[t is recommended that;

a)

b}

d)

more consideration and care be given to the choice of crtical water
concentrations for o1l and grease in the relined risk assessment.

the major organic constituents of oil and grease in the bay be identified to
enable the determination of ceotoxicological risks that these present to the
CLosystem,

more information be gathered on the sensitivity of the resources and habitats
in the bay to oil and grease, preferably to the toxic organic constituents, o
determine the arcas o the bay that are most ceologically at risk from large
volume o1l discharges.

arelined risk assessment of ol and grease o Manils Bay be made wilh special
consideration of the relative importance of various land-based and sea-based
sources.  The risk assessment should take into account both controlled or
operational  discharges and  uncontrolled  or accidental  discharges  from
industrial and shipping activities,

monitoring ol oil and grease 1o bivalve-growing arcas and near the port be
done as part of the environmental monitoring component of the project.

additional ioformation on acerdental ol discharges be gathered, The
[requency, location and volume of accidental el spills as well as relevant
mlormaticn on the source of spill should be properly documented 1o
determine arcas where spills are most hikely w oceur and to determine other
factors conotributing 1o the occurrence of accidental spills,  All these
information will be valuable inputs 1o a mode] for prediction of the likelihoaod
of accidental il spills from shipping and the impact on the natural resourees.

7, Ecological risks from heavy metals

For heavy metals in the water column, the mital nsk assessment showed low
risks associated with heavy metals in the water,  The risk assessment was, however,
performed using very limited data. A refined risk assessment for heavy metals in the
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waler column is necessary, Data on heavy metals wmn the water column may, however, not
be available, [t is recommended that a rapid appraisal be conducted for heavy metals,
Depending on the results of the rapid appraisal, heavy metals in the waler column may be
included n the envirommental menitoring component of the project.

In the sediments, high risk was associated with copper and  cadmium.
Intermediate risk was shown for mercury, chromium and lead.  Except lor copper,
elevated levels of the other abovementioned heavy metals were localized.  These
assessments, however, were made using data oblained (rom a limited number ol stations
in the bay,

The data used for sediments were obtained 1rom a limited nunber of stations in
the bay. It is recommended that data from ather researches covering other areas in the
bay e used to pet an assessment that is more representative of the bay, [t should be
noted that data from various sources might not neeessarily be comparable, so separate
assessments for different data sets may be needed, but this will stll be able w indicare
trends i the spatial distribution of heavy metal contamination.

It is [urther recommended that detailed analysis of spaual variability be done 1o
determine areas in the bay where elevated concentrations of heavy metals were found.

Heavy mewals may come from both land and sca-based sources but the
contributions from various land-based activities such as industrial and mining activities
may be more signilicant, It is recommended that signilicant sources of heavy metals be
identified. Models may be used to show the sources, distribution and fate of heavy metals
in the bay,

[t is recommended that the sediment criteria used as PNECs be evaluated, These
criteria were proposed for Hong Kong and their suitability for use in Manila Bay needs o
be reviewed. Grain size 15 an important factor that influences the concentration of heavy
metals in sediments and Manila Bav sediments are fine-gramed and muddy and may
nalurally have higher concentrations of metals than sediments from other locations. This
can be done by determining the background concentrations of heavy metals in Manila
Bay, These background concentrations may come from vertical sediment profiles or
from offshore or reference sites, and may be available from povernment agencies or
research institutians.

A Ecological risk from pesticides

Localized intenuediate risk was shown for certaim pesticides in the water column
and sedimems,  There are very few daa lor the water column while the data for the
sediments were taken from a limited number of stations in the bay, There may not be
much available data on pesticides i Mamla Bay waters and sediments. Tt is
recommended that a rapid appraisal of pesticides in Manila Bay be conducted. 1 the
rapid appraisal shows significantly elevated concentrations of pesticides in the bay, it is
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recommended that pesticides in the water column and in sediments be included in the
environmental monitoring component of the project.

It is recomimended that detailed analysis of spatial variability be done to
determine arcas in the bay where elevated concentrations of pesticides would be
obtained.

The major possible sources ol pesticides in the bay are agricultural run-off and
discharges from agro-based industries engaged in manufacturing pesticides. 1t 1s
recommended that the relative contributions ol the tributaries, especiallv Pampanga River
where there are extensive agrcultural activities, and other sources, be determined.

For other pesticides, REOs could not be computed duc 1o lack of threshold values.
[t 15 recommended that a literature search be conducted for standards or erteria for
pesticides especially since the RQs presented here indicate the need for a closer
inspection of pesticide levels in Manila Bay,

g, Feological visks from PAHs

The initial risk assessment ol ol PAH (TPAH) and carcinogente PAHs from a
study by Santiago (1997) indicated intermediate risk (RQ=1} for TPAH and acceptable
risk (RQs < 1) for the carcinogenie PAHs. This study, however, showed that PAH levels
i the castern area, a more commercialized and urbanized area, were higher than the
levels in the western side, indicating the anthropogenic source of PAHs. Another study
(PRRP, 1999) also showed two stations in the bay where an RQ of 1.0] and 0.82 were
obtained for the carcinogenic PAH dibenzofa,h) anthracene.

PAN in water was not assessed duc 1o lack ol available data. There were data
available on PAH in tissue but risk assessment could not be carricd out becanse the values
were all reported as less than the detection limit, which was even higher than the
threshold value,

The study conducted by Santingo (1997) identified the PAlls in Manila Bay
sediments as coming from petrogenic and pyrolytic sources. Petropenic PAHs may come
from oil discharges from ships, refineries and industrics and pyrolytic PAHs are derived
from combustion processes. Sone PAHs may either be pelrogenically or pyrolytically-
derived, A more detailed analysis of the percentage composition of individual PAHs may
indicate the more dominant source of PAHs in Manila Bay.

I is recommended that the levels of PAlLs in the bay be verified. The availability

of monitoring or rescarch data on PAHs is not certain so it is recommuended that PAHs in
water, sediments and tissue be mcluded in future monitoring activities in the bay,
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1. Other oraaiics

There were no available data on PCBs in water und scdiments and TBT in all
media. 1t is recommended that these data gaps be [illed. The level of shipping activities
in the bay indicates the need to look at the possible occurrence of arganotins, especially
since the negative eflects of TBT on the reproductive processes of marine organisms,
particularly mollusks, are well established, Measured concentrations of TRT may,
howewver, nat be available, Rapid assessment of TBT in Manila Bay can be done using
estimates of leached TBT from ships and other users of anti-fouling puints. 11 the results
of the rapid assessment warrants a more thorough cvaluation of TBT levels in water,
sediments and tissue, this parameter can be included in the environmental monitoring
component of the project,  Investigations an the occurrence of shell deformities and/or
pnposex (impositien of male characters on female gonad formation) in oysters should
also be conducted,

H.o Harmfid algal blooms

There is also a need for @ detailed understanding of the dynamics ol toxic algal
blooms and their mteraction with environmental conditions.  Predictive maodels are
currently under development and it is recommended that o more detailed risk assessment
be done in collaboranon with the agencies and institutions involved in toxic algal bloom
studies.

Other non-toxic phytoplankton blooms were not included in the initial nsk
assessment,  Frequently, phyroplankton blooms imdicate ccological problems m the bay
such as eutrophication.  These blooms may also affect dissolved oxygen levels with
consequent effects on organisms in the bay and should be evaluated 1o the relined risk
nssessiment.

Chlorophyll-a  concentrations were also not discussed in the aniual risk
assessment. It is, however, an mdex ol plankton biomass and could indicate when
phytoplanklon in the bay should be treated as a resource or an agent, and should therefure
be ineluded in the refined risk assessment.

Monitoring data on occurrences of phytoplankton blooms and  levels ol
chlorophyll-a in Mamla Bay may be available [rom varicus povernment agencics and
research institutions,

{2 Hehitas

The results of the initial risk assessment bave shown thal mangroves and eoral
reefs are at risk in Manila Bay.

It 15 recommended that benefit-cost analvsis of restoration of mangroves and

protection el corals be conducted as part of an overall Manila Bay Sirategic
Environmental Management Plan (SEMP). This analysis sheuld incorporate the social,
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ceonomic and ceological benellts and costs. The question that needs w0 be addressed 1s
“Are these habitats worth restoring considering other existing and potential economic
activities mn the bay?"

Economic benefit-cost analysis of all reclamation projects sheuld also be required
as part of government approval process,

In coming up with land and water use plans as part of the SEMP, an appropriate
balance between the resources of the bay and economic activilies should be targeted.
Tradeolfs should be identified and evaluation of the value among the schemes, especially
i terms of the resources and corresponding cconomic activities should be conducted.

i3 Fisheries and shellfisheries

The decreasing trends in catch per unit effort (CPULE). stock density and demersal
biomass, and the changes in cateh composition, like the decrease in infish population,
indicate that there is a decline in Mamla Bay fisheries.  Owverfishing and destructive
fishing methods have been identified as the main causes for the decline and the fishing
pressure exerted on the bay s indicated by the increase in number of fishers/km coastline
and erease i number of boats/km coasthine. Degradation of habuats like mangroves,
seagrasses and coral reefs also contributed to the decline. These have led o reduced fish
biediversity, loss ol ccononucally important species, reduced lish vield, and consequent
ccologieal, cconomic and social losses,

A general decline was reported in the combined preduction of ovster and mussel
in Manila Bay from 953 to 1988 and the windowpane oyster that used to be gathered in
the  eastern  areas  (Metro Manila) o the  bay 15 disappearing,
Overbarvesung/overcollection had been identificd as the main causc for the decline of the
windowpane oyster in the bay, aggravated by pollution and destructive fishing methods.
For the production decline from 1984 1o 1988, low harvest due o low demand as a
consequence of the red tide episodes may have been a signtficant tactor although further
evaluation s necessary to confirm this, It is also important w distinguish between
impacts and causes ol decline in shellfish from culture farms and from the wild.

The results of the initial risk assessment clearly indicate that fisheries and
shellfisheries in Manila Bay are at nsk and call attention to the strengthening of fisheries
management in the bay, [t 15 recommended that maximum sustainable yield, dvoamic
maximum efficiency vield, and depreciation values be determined.  Maximum
sustamable yield {MSY) refers to the maximum amount of resources that can be collected
and still maintain the level of reproduction of these resources in the bay. This, however,
may not be able to measure sutficiency over time or efficiency of harvesting of natural
resources. Maximum elficieney yield (MEY] refers to the state where the marginal cost
ol elfort s equal to the marginal benefits, Simulaneously, the unlity and appropriateness
of using the MSY for evaluation of fisheries exploitation in the bay should also be
assessed, and other approaches, especially these that have been successfully applied in
other locations, should also be considered. Dynamic MEY uses a discounting factor (o
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take o account changes in values across time, 1.2., the state where the present value of
marginal cast equals the present value of marginal benefits. Depreciation indicates that
the rate of change in the asset value of the stock 1s negative.

It is also recommended thut interventions that will help in the recovery or
restoration of the resources at risk be defined as part of the SEMP for Manila Bay.

I Frosian and sedimentaiion

Erosion and sedimentation have been discussed in this report as contributors to
suspended solids in the water column and as agents in the decline of some resources and
habitms,  These processes, however, which result from both natural and man-induced
factors, can have more wide-ranging physical and biological as well as social and
cconomic eflfects, and merit further assessment.  Several studies have identified areas in
Manila Bay where coastal erosion and sediment aceretion have occurred.

Erosion and sediment aceretion are on-going natural processes along all coasts.
Natural factors that inlluence the coast such as waves, tdes, currents and wind are
bevond human control, but human activities that can add to the destruction of natural
processes can be identfied and chiminated or nunimized.  These activities inelude
clearanee of mangrove areas and coastal vepetaton which decrease the stability ol the
shoreline, construction of harbors, jetties, seawalls and similar shoreline structures which
change the nermal wave patterns and can either accelerate erosion or interfere with long
shore currents that carry sand from one place to another, and coastal developments and
upland activities that affect sediment supply. These activities that lead 1o alteration of
natural coastal processes could lead to undesirable eflects on habitats and change
communily structure. Coastal erosion could also inerease the risk of flooding and loss of
mlrastructure and shore-bused [acilities, and resull in economic losses as well as
increased cost for shoreline protection. Coastal acerction, on the other hand, creates new
land for agriculture and aquaculture but the associated rapid siltation could have an effect
on public and private investment. Sillation near ports, for instance, inereases the need
mvest in dredging facilities to imprave access to ports.

[ the relined risk assessment, arcas in Manila Bay where shoreline changes have
occurred should be assessed 1o identify possible causes of e¢rosion or accretion and
determine if these changes pose risks to the ecosystem, coastal communities and the
ceonomy,  The contributions of coastal and watershed activities to shoreline change
should also be considered in the development ol the strategic environmental management
plan for the bay,

15 Inedepth visk characterizanon
The ceological component of the initial risk assessment has been directed 1o
assessing  effects of stressors to the ecosystem in general.  An in-depth risk

characterizauen would be needed w deternune the effects of stressors to specific
ceological entities,  This would require PNECs that are specifically delined for particular
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targets (habilals or species).  Some target-specific ceotoxicologival data may now be
available although more work will be required to produce this kind of data {(MPP-EAS,
1999D).

Alternatively, conceptual models that indicate specific exposure pathwavs for
difTerent contaminants can be developed. These would demonstrate what stressors have
primary or secondary effects on the targets, and alse determine the likelibood ol
recovery.  These would also indicate what other data would be needed for a more
stressor/target-specific risk characterization,

i Salid wastes

Sohid wastes n the bay {(and the surrounding river syslems) pose risks to
navigation, human health, ecological systems and aesthetics. The RO} approach used in
the risk assessment has not been suitable for dealing with risks posed by solid wastes. 1t
is recommended that alternative methods be used to assess these risks.

{7, Coordinared moiitoring programs

The inital risk assessment has shown the need for monitoring data for several
parameters. [t 15 recommended that systematic and coordinated  envirenmental
monitoring programs be developed, The environmental monitoring program should be
aimed at systematic and cost-effective sampling activities and standardization ol
analviical procedures.

The initial risk assessment has also shown that retrospective risk assessment could
not be carried oul [or some resources and habitats due o lack of information. It is
recommended that systematic and coordinated ecological surveys be developed. The
ecological surveys should be aimed at mare precise inventories of natural resources and
deternunation of appropriate assessment and measurement endpoints.

I, Collaboration

Partnerships berween different government agencies, wmiversities and scientilic
and technical research institutions, local government units, communilies, non-
sovernmental orgamizations, and the private sector would be vital w the development and
sustainability of enviranmental management programs for the bay and should be
promoted.

19 Access fo dara

A system to facilitate sharing of information and expertise should be develeped,
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20, Cosr-benefit analvsis

The development of management programs should involve the guantification of
costs and benefits from allernative management strategics and from the activities that
may be asseciated with environmental impacts. This is recommended for consideration
in the risk management program and subsequent strategic environmental management
plan and action plans.

21 Assimnptions
All the assumptions and data sources used in every aspect ol the risk assessment

should be recorded and ineluded as appendix in order to maintain the transparency of the
process and enable checks and updates 10 be made on the assessments.
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Background

The Regonal Pregramme on Partnerships in Enviconmental Management for the
Seas of Fast Asia (PEMSEA) has identified Manila Bay as one of the three subregional
sea areas/pollution bot spots i the region W develop and mnplement a Stralegic
Environmental Management Plan in partnership with the national government and local
stakehalders in the public and private sectors.

Risk assessment 1s one of the six component activities of the Manila Bay
Environmental Management Project.  Risk assessment is used in a wide range of
professions and  disciplines and is now increasingly  being used in examining
covironmental problems.  Lovironmental risk assessmemt (ERA} uses scientitic and
technical assessment of available information to determine the significance of risk posed
by various factors emanating [rom buman activities on luman health and the ecosvsten.

The gradual shilt in environmental policy and regulation from hazard-based to
risk-based approaches was partly due (o the recognition that “zero discharge” objectives
are unobtainable and that there are levels of contaminants n the environment that present
“acceptable” risks (Fairman et al., 20010). Aiming for “zero discharge™ levels or using the
best available technulogy may nol be cost-cllective and could resull m excessive
cconomic burdens to seciety and adversely aftect the provision of goods and services that
contribute to human welfare. Risk assessment is o systematic and transparent process
that provides comprehensive and logical mlormation o environmental managers und
decision=-makers for identifying rational management options,  ldentifving arcas of
concern through the risk assessment also prevents the pitfalls of wasting effort and
FESOULLICES O MINOT CONCeerns.

Various methodologies and techniques for LERA have been developed and
dilferent organizations are preseotly involved in further improving this management tool
(ADB, 1990, UNEP-IE, 1995; UNEP-IETC, 1996; Fairman et al,, 2001), The approach
adopted by PEMSEA is based on the risk quotient (RQY) approach. [t starts simply using
worst-case and average scenarios and progresses il the resulls show the need for more
refined assessmient and more sophistucated wavs of assessing and addressing the
uncertainties associaled with the RO technigue, The initial risk assessment of Manila
Bav is a preliminary step to identify priorvity envioomental concerns i the bav that will
he the focus of a more comprehensive refined risk assessment,

The imtial risk assessment of Manila Bay was initially conducted durmg the
Regional Training Course on Environmental Risk Assessment held from July 17 1w 25,
2000 at the PEMSEA Regional Program Office, Department of Environment and Natural
Resources (DENR) Compound, Visavas Avenue, Quezon Citv, Philippines.  The
participants of the training course were {rom China, Thailand, Vietnam and the
Philippines.  The participants from the Philippimes ipcluded experts and technical
personnel from various government agzencies and institutions who will be involved in the
Manila Bay Envirenmental Management Project. Refinement ol the imitial drafl was done
following comments from various mstiutions,



Objectives

The objective of the study is to conduct an initial environmental misk assessment
of Manila Bay using available information w determine the effects of factors derived
from human activities on human and ecological targets in the bay.

specifically, it mims to:

Led B

evaluate the impacts of various pollutants in the bay on human and
ccological targets and identify the priority environmental concerns;
identify activitics that contribute to pollution in the bay;

identily gaps and uncertainties that will need more etlort in the refined
risk assessment,

make recommendations for a retined sk assessment that is tocused on the
wentified areas of concem;

wdentify agencies and institutions that can play signilicant roles in the
refined risk asscssment and in the long-term management of tiwe bay: and
identily prierity coneerns Lo be addressed under risk management.



Sources of Information

Data for the retrospective assessment were mostly taken from the Resource and
Leological Assessment (REA) of Manila Bay (BFAR, 19935) that was completed in 1995
under the Fisheries Sector Program (FSP) of the Burcau of Fisheries and Aquatic
Resources (BIAR). A mujurity ol the information on rescurces and habitats, particular]s
on the decline of mangroves and corals, and on the status of scagrass, scaweeds, benthos,
and fisheries were taken from this particular study,  In addition, data for fisherics were
taken from researches ol the Burcau of Fishenes and Aquatic Resources conducted as
carly as [947 (Blanco, 1947} Another majer source of data on fisheries and socio-
ceononue lgures/eatures is the compilation of studies and reports trom the Tambuvog
Development Center.  The reports prepared by the Department of Environmuent and
Natural Resources (DENR} Region 3 and National Capital Region on the watershed of
Manila Bay within their respective jurisdictions have also been uselul.

The primary source of information for the prospective risk assessment was the
Pasiz River Rehabilitation Program Report (1999), This will be referred 1o in the text as
PRRP 1999). Other matenals that were used are also cited in the text. A detuiled List of
the sources of data for cach parmmeter/resource s given in Appendix 2, which also
meludes desceriptions ol the data, Sampling stations are shown in Appendix 3 (a = ¢). The
criteria used, which were also taken from various sources, are found in Appendix 4.

Most of the data used were presumed to be accurate and reliable. although
preliminary sereening was done for some data for which ranges of concenlrations in
different envirommental conditions are known. Tdeally, the reliability of data should be
more systematically assessed based on the sampling design and laboratory wehniques
used to produce the data as well as the perod when these were obtained. A mwre
thorough assessment of data should be made in the refined risk assessment,

The choice of criteria was based on what were available with the assumption that
these values were suitable for Manila Bay, Most crileria and standards available have
been generated in lemperale regions so their relevance inoa tropical area should be
reviewed.



Definition of Key Terms

The followimg are key terms used in nisk assessment (a mere comprehensive list
of terms, as modilicd from US, EPA (1997), LS. EPA (1998) and TUPAC (1993) 13
Tound i the Glossary):

Effects assessment - The component of a risk analvsis concerned with quantifying the
manner in which the frequency and intensity of eftects increase wilh increasing exposure
to substance.

Exposure assessment - The component of a risk analyvsts that estimates the cimissions,
pathways and rates of movement of a chemical in the environment, and ns transfornmation
or degradation, m order 10 estimate the concentrations/doses o which the svstem of
interest may be exposed.

Hazard assessment - Comparison of the inrinsic ability of a substance 1o cause harm
{i.c., 10 have adverse effects for humans or the environment) with ils expected
environmental concentration, oflen o comparison of PEC and PNEC, Sometimes referred
to as risk asscssment.

Hazard identification - Identilication ol the adverse effects that a substince has an
inherent capacily 0 cause, or in certain cases, the assessment of a particular effect. It
includes the identification of the target populations and conditiuns ol exposure.

Risk - The probability of an adverse eftect on humans or the environment resulting from
a given exposure 10 a substance. 1t is usually expressed as the probability of an adverse
effect oceurring, e.g., the expected ratie between the number of individuals that would
experience an adverse effect in a given time and the total number of individuals exposed
ta the risk factor,

Risk assessment - A process which entails some or all of the [ollewing elements: hazard
dentfication, clfects asscssment, exposure assessment, and nsk characterization. 1t is
the identification and gquantification of the risk resulting from a specific use of occurrence
of a chemical including the determimation of exposure/dosc-response relationships and
the dentification ol target populations. It may range [rom largely qualitative {for
situations in which data are hmited) o fully quantitative (when enough information 1s
available so the probabilities can be caleulated).

Risk characterization - The step in the risk assessment process where the results ol the
exposure assessment (g, PEC, daily intake) and the eflects assessment (o.g., PNEC,
NOAEL) are compared. If possible, an uncertainty analysis is carried out, which, i it
results in a quantifiable overall uncertainty, produces an estimation of the risk,

Risk classification - The weighting of risks in order to decide whether risk reduction is
required. Ttincludes the study of misk perception and the balancing of percerved risks and
percenved benelits



Description of Manila Bay

Manila Bay is a semi-enclosed estuary facmg the South Chima Seu.  The
cutchment area is bounded by the Sierra Madre mountain range to the cast, the Caraballo
mountains 0 the north, the Zambales mountaing to the northwest and the Bataan
mountains to the west. Manila Bay 1s connected to the South China Sea via a 16.7 km
wide entrance. The surlace arca of the bay is 1800 kin®. [t consists of a gently sluping
basin with the depth increasing at a rate of | nvkm from the interior to the entrance, The
mean depth of the bay is 17 m, and the volume is 31 km™ (PRRP, 1999),

Manila Bav receives drainage from approximately 17.000 km® of watershed
consisting of 26 catchment areas. The two main contributory areas are the Pasig and the
Pampanga river basins. Most of the river systems in the provinee of Pampanga, Bulacan
and Nueva EFeija drain into the Pampanga River (BFAR, 1995). Freshwater inflow has
been estimated at approximately 25 l-;|113a’}'l:ur_. but this ligure is probably an overestimate.
Seasonal and annual variations in discharges are pronounced with the largest input
occurring in August and the lowest in April. The wypical retention time for freshwater in
the bay is between two weeks and one month, depending on the scason (PRRP, 19949,

The population in the overall dramage area, as of 1995, 1s approximately 16
million (NSO, 1996). Manila Bay covers three regions: Region 111, Region 1V and the
Nationa] Capital Region.

The tide is predominantly diurnal with an average tidal range of 1.2 m during
spring Ude and 0.4 m dunng neap tide. Seasonal wind systems (1.c,, the monsooens) and
diurnal hreezes affect the current pattern especially in shallow water, The salmity of the
water column 1s homogeneous in the dry season but increases from surface to bottom
during the wet scason, Median salinity at all depths is between approsimately 3 and
35%a, a little less than the open ocean, with levels dropping, especially mn surface waters
during the raimmy season, Seasonal and temporal variations in water temperature are slight
and vary around 30°C (PRI, 1999).

In terms ol the local and national economics the magor natural resources melude
fisheries, shellfisheries and aquacultre.  Harvesting of mangroves is also of some
importance. Other natural resources include coral reels, seagrasses, scaweeds and algac.
Important ¢lements ol the [ood chains within the bay include the phytoplunkton as @
source of primary praduction and benthos as a source of secondary production that is
used as a source of food lor fishies, which can be used directly for human consumption. It
15 also important o recegnize that the physical habits provided by the mangrove {orests,
coral reefs and seagrass beds are important retuges and nursery grounds for commereial
and non-commercial fish and shellfish.

The primary economic activities 1n catchments and around the perimeter of the
Bay are agriculture, forestry and fishery. There is also a variety of industrial activiues
that range from manufacturing o mining and quarrying,  The major manuficturing
industries nclude food and beverage, chemical, pharmaceutical, petrochernical and



clectronic industries.  ‘These are also the types of industries causing the most
environmental coneern. There 1s considerable reliance on a fishing trade that involves
both lecal and distant fishing grounds with the Port of Navetas being the focus of activity
and representing one of the largest fishing ports within the Philippines. There i3 also a
shipping industry involving ansport of passengers us well as oil and containers of
various kinds. There are reclamation and consteuction activities that can have effects on
the habitats and also contribute o suspended materials in the bay,  Agricultural and
[orestry activities, especially i the catchment areas ol the rivers, can also contribute to
pollution loadings from agrochemiculs, agricultural wastes and soil eresion,

Domestic activities [ead w the production ol sofid wastes and sewage, which enter
the bay from river catchments and directly from around the perimeter. Pollution brought
about by an inadequate selid waste program continues to be a serious environmental
problem. For example, between 5,000 to 6,000 tons of solid waste are penerated daily in
Metro Manila with Tess than this capacity being handled by the solid waste management
tacilities. A considerable amount of solid waste is therelore able to enter the Bay dircctly
from the perimeter, mdirectly from catchments via the river systems, or dircctly from
shipping,

Al present, less than 7% of the population in eleven major citics  dnd
municipalities in Metro Manila, with estimated combined population of about 8.4 nullion
people based on the 1995 census (NSO, 1990), has access to adequate sewerage systems
so that about & million people i these arcas are contributing domestic Liguid waste
pollution enher directly to the Bay or via the river systems (PRRP, 1998). Morcover, the
existing sewerage svstem direetly leads 1w an outfall into the bay, with sewage being
discharged with no freatment.  In consequence, the BOD louding of rivers is very
considerable, 1t is clear that the discharges of untrested domestic sewage into river
systems und alunyg the shoreline have cantribued significantly to the deteriorating quality
of the Bay in general.

[



The Risk Assessment Approach

Risk is the probability of an adverse effect on bumans or the environment
resulting [fom a given exposure o a substanee, [t can be carried out as a retrospective
risk asscssment or a prospective nisk assessment. For the retrospective risk assessment,
the fundamental question concerns the extent o which conditions are likely o have
caused adverse effects observed in specilic targets, Prospective risk assessment considers
the extent w which current cenditions, and/or those likely to pertain to the future due o
new developments, would likely cause harm.  Both can be used as o basis for
environmental management and imiply the desire to control activites and conditions o
levels that do not cause harm and which are likely to be nonzero. In the Manila Bay
Environmental Management Project, a combination of retrospective and prospective
approaches is used. A retrospective approach is appliced w explain abserved deterioration
in ccological targets andfor the occurrence of human bealth problems in terms of likely
levels of exposure and their causes. A prospective approach 1s applhied w consider und
compare  the likely  adverse effects  emonating  from  observed  environmental
concentrations of chemicals.  The approaches converge to indicate the relative
importance of different adverse effects and their causes. This should lead 1o appropriate,
cost-effective managemenl programs.

The fundamental features of both retrospective and prospective risk assessment
are that they identily problems and therr causes based on systematic and wansparent
principles that can be justified in public and can be revisited as more information and
understanding become availuble. The key concept Tor risk assessment is the comparison
between envirommental conditions (e.g., environmental concentrations of chemicals) and
threshold values Tikely 1o cause adverse effects in the targets under consideration.  [n
prospective risk assessment, this is made explicit as a risk guotient (RQ), thal 1s the rativ
ol an environniental concentration (either predicted (PEC) or measured (MEC)) with a
predicted no-effect concentration (PNEC) for the target of concern (RQ=P{MLEC/PNEC).
An RQ < | indicales a low, and thus aceeptable risk, and an RQ = 1 indicates a level of
concern and possibly the implementation of appropriate nunagement programs.

The basic principles and techmques Tor both retrospective and prospective risk
assessment are described in Environmental Risk Assessment Manual: A Practical Guide
for Tropical Geosystems, Technical Report 21, GEFUNDP/IAMO Regional Programime
for the Prevention and Mapagement of Marine Pollution Prevention in the East Asian
Seas, Quezon City, Philippines (MPP-EAS, 1999a),

The simplilied risk pathways in Manila Bay (Figure 1) brings together the
possible sources of hazards 1o human health and the environment and shows the possible
cilects on the cconomy. [t also indicates the relationships between the sources of hozards
and vartous econonue and social drvers. This qualitative illustration draws attention to
specific activities thal may cause problems to human health and the environment and aids
in the prioritization of concerns for risk assessment and, ultimately, risk management,
espectally when human health and environmental protection will need to be weighed
against cconomic realities.



Figure 1. Simplified risk pathways for Manila Bay.
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Retrospective Risk Assessment
INTRODUCTION

Retrospective risk assessment s an evaluation of the causal linkages between
observed ceological ctfects and stressor(s) in the environment. I addresses risks from
actions that began in the past and can therelore be assessed based on measurements ot the
state of the environment (Suter, 1998). It attempts o answer the question: “What
evidence is there for harm being done to targets in the bay?” (MPP-EAS, 1999b). In
refrospective studies, it is important W identily significant eftects {targets and endpomts)
and ascribe causalion, The approach invelves making inferences abiout the causes of
observed effects {Suter, 1998) - and this often requires temporal and spatial series of data
for comparative purposes. Comparison facilitates the ascribing of risks 10 a parcular
source,

The retraspective approach employed lor Manila Bay was of the “effects-driven
assessment™ type that addresses apparent evologieal effvets that have uncertain
magnitudes and causes (Suter, 1998),  Under this perspective, risk is viewed as the
likelihood that current impacts are occurring and that demonstrating these existing
impacts confinms that a risk exists. 1t s important o note that impacts have primary or
sccondary effects — as these may cause direct or indirect changes in identificd largets,
These impacts range from those occurnng inland and near the coast to those vccwming in
the bay itsell us consequences of developments and ecosystem exploitation.

METHODOLOGY

A considerable volume of materials on Munila Bay, [rom various studics, reports,
and projects, were reviewed and relevant data on identified targets (habitats and
resources) in the bay were put together for the retrospective risk assessment,  Steps
preseribed in the Lnvironmental Risk Assessmient Manoal (MPP-EAS, 19499a) were,
likewise, applivd.

Problem Formulation

The problem formulation phase involved defining the target and the way il is
impaired by recognizing that an undesirable elfect on an ceological system ar human
population  has  already  occurred, identifving suspected (or known) agents, and
considering the links between the agents and the adverse eflects on the largets with an
aim to eventually manage these agenls in order to reduce harm,

It 15 also important to determine the assessmenl and measurement endpoints in the
largets,  Asscssment endpoints are features related to the continued existence and
functioning of the identified targets (e.g., preduction. density changes and mortality),
which may not be easy or would lake much time w measure, So measurement endpoints,
which are features related to the assessiment endpoints but are casier to measure are used

—
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instead such as biomass (for production), sbundance (for density changes) and LCy or
Biomarkers (for mortality).

To elaborate on the interrelatedness ol agenls and targets, a simplified rsk
pathway (Figure 1) was uscd.

The suspected agents for the dilferent resources and habitats melude: a)
overfishing {overcollectionfoverharvesting), b) destructive and illegal fishing, ¢} physical
disturbance, d) physical removal/clearance, e) sedimentation, f) insect infestation, g)
dissolved oxvgen, h) biochemical oxyvegen demand (BOD), 1) chemical oxygen demand
(COD), j) nutrients, k) coliform, 1) toxic algae, m} heavy metals, n) pesticides, o) total
suspended solids (TSS), p) total organic carbon (TOC). q) oil and grease, r) polyaromatic
hydrocarbons (PAHSs), s) polvehlarinated biphenyls (PCBs) and other organics, and t) il
spills,

The identfied targets for resources include: a) fisheries, b) shellfisheries, ¢}
scaweeds. d) benthos, and ¢) phytoplankton, while the wdentificd targets for habitats were
the following: a} mangroves, b) coral reefs, ¢) seagrass beds d) sofi-bottoms. ¢) mudflats,
f) sandflats and beaches, and g) rocky shores.

Retrospective Risk Assessment

Under the retrospective risk assessiment phase, a set ol questions, answerable by
yes (Y, no (N}, unlikely (unl), or unknown {unk), was formulated in order to establish
evidences of decline, and the causes and consequences of the decline, The following
questions were adapted rom the Environmental Risk Assceszment Manual (MPP-EAS,
19994},

1) Is the target exposed o any of the agents?

2} Was there any Toss/es that occurred {ollowing exposure? Was there any
lossies correlated through space?

Lead
e

Does the exposure concentration exceed the threshold where adverse
effiect starts to happen?

4y Do the results [rom controlled exposure in ficld cxperiments lead o
the same effect? Will removal of the agent lead to amelioration?

5) s there specific cvidence in the target as o result of exposure to the
agent?

6) Daes it make sense (logicallv and scientifically)?
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The diflerent categories of likelihood of harm are as follows:

1} Likely (1) - based on knowledge ol exposure to the agent and either
established effect concentrations (Le., criteria used in prospeclive
analyses) or other evidence (such us knowledge about mtentional
harvesting, field obscrvalions {ec.g. of infestation), the agent is
considered to be a likelv cause of decline in the resource or habitat,

2} Possibly (p) - based on available information about exposure and
effeet levels, this agent cannot be excluded as a cause of decline in the
resource or habitat;

1ad

Unlikely (unl} - based on available information aboul exposure and
effect levels, this agent s unlikely 1o have caused decline in the
resource or habitat.  However, agents i this category may have
indirect effects on the resource. For example, nuirients, themselves,
would not have a negative effect on benthos (defined here as unlikely),
but by enhancing primary productivity (algal blooms), inercased
nutrients could lead to lowered DO, which is likely 1o have a negalive
impact an benthos; and

4) Unknown (unk) - there is not cnough information available on
exposure and’or effect levels Lo assess whether agents in this category
have led to decline in the resource.

In order to facilitate the assessment, all the aboyvementioned questions were
tabulated in g matrix where cach of the targets was subjected to the series of questions.
The answers to the questions were based on available infonnation on the targets and
agents. The matrices are termed here as "decision tables”, Using these tables, agents that
were likely to have caused adverse effects have been systematically screened.

Upon screening, summarics of likelihood some identified agents causing decline
in resources and habitats (see Appendix 1) were prepared and were made part of the basis
for the results of the retrospective risk asscssment. I as important to note that the
summaries ol likelihoud were established on the basis of the rewrospective analyses
{decision tables) and on the prospective risk assessments for different agents summarized
m the Comparative Risk Asscsement seetion,

After establishing evidences of decline in the resources and habitats, Lhe
ecalogical, economie, and social consequences of decline were evaluated.



BRESOURCES

Fisheries

Evidence for Decline

The following are based on dita generated by the Resource and Ecological
Assessment of Manila Bay (BFAR, 1993}, the compilation of sdies by Tambuvog
Development Center {19903, and the Socioeconomic and Investment Opportunities Siudy

in Mamla Bay (FSP-I2a, [992),

fisheries in Manila Bav.

Table 1, Retraspective Analysis for Fisheries In Manila Bay.

Table 1 summarizes the relrospective analvsis for

Resourco Arcal Results Impact '
Type Extent Changels Observed Identified Agents
Fizheries Large iQuanhq.r. Fiost Iikely «  Lossol
s CPUE (kgthr) decline: Cyerfishing - increase coonomicaly
46 to 13.8 (19471539 in the number of fshers | imparlant
| 04,1 10 27.9 (1570-1283) and use of gears with speCiEs .
| 14 10 10 (1986-19493) increased eliciency for «  Reduced yisld |
. «  |ngrease in fishers/km calching (marked ifishery
coastline: 70 o 253 (1987- ncreast: in rawls and preduction)
1993) cApacily) s Species
«  Increaso in boatkm SUCCESSION
coaslling: 74 {(1980), 85 Likely: = Useof gears
P1EeT), 108 {1923) »  Dvnamile hstireg with increased
»  Demersal biomass = Low 0O efficiency 1o
eslimates: 4.69 mbkm® or @« Destruction of habitats catch
6,290 tons to 0,47 mukm” or Possibly: I remaining!
840 tons (1547-1853) = Heavy Metals eusling
i e TS5 [ dominant
(Quaity: «  Peslicides | species
!- Decreased fintish population il and Grease
- increased inverebrale
population of lhe demersal
hishernes (sowds, “alameans”,
and other crustaceans)
*  Disappearance/near

ahsence ol some spacies;
(e.5.. Saurida tumbs) |

Sources” BFAR, 1895, Tambuyog Development Center, 1390 and FSP-DA, 1992,

Catch per unit ol effort (CPULE) is the number or weight of fish caught by a unit
of fishing etfort, e.g., weight in kilograms (kg)/hour of searching, [t 1s often used as a
measure of fish abundance, The wend in CPUE clearly indicates that there is a decline m
the Manila Bay fsheries. Estimates made in 1993 show that should the trend continue,
present CPULR would be lower than [0 kg/hree There was a reduction from 46 ke/he 10
13.8 kedhe from 1947 10 19539, A similar trend was observed in 1970 to 1953 when the
CPUL dropped from 94.1 kg/hr o 27.9 ke'hr, In 1986 to 1993, the CPULE aeain dropped
from 14 kehe o 10 kpdhre The seeming inconsistency, particularly of the [947-19549
periud with those ol the recent estimates, is mainly due to design differences in fishing
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geurs, which had lower catching efficiency based on the technolegy available durig the
pertod.

Based on the BFAR study (1995). demersal Biomass estimates were  made
utilizing the swept area methed for both the 1947 and 1992-1993 sets ol ohservations.
Biomass is the wotal quantty (at any given time) of living organisms of one or more
spectes per unit of space (species biomass), or ol all the species ma biotic community
(community biomass), The method used, in reference 1o demersal rawls, makes use of
the swept-arca, which is the aren ol the sea tloor over which the net is drageed during its
operation, The swept-arca is estimated by multiplving the width ol the net moutl by the
distance the net is dragoed. From data on the densities of fish caught in a unit area swept,
an estimate of the bwomass in that part of the sea can be obtined.  For the bay
(approximaltely having a surface area of 1.800 square kilometers), 1t was established in
1947 that there was supposed to be a stock density of 4.6] metric tons per square
Kilometer (mukm®) or about 8290 me of demersal biomass, while in 1993 there was anly
an estimated 0,47 mukm® or an eguivalent of 840 mu,

With the application ot the Schaeiter and Fox surplus production models on the
set ol trawl fisheries data, the maximum sustanable vield (MSY'} for demersal cateh was
computed (BFAR, 1995),  Surplus production maodels involve the use of “surplus
production™, which is the production of new weight by u fishable stock. plus recruits
added 1o it, less what 15 removed by natural mortality, This 1s usually estinuned as the
catch in a given year plus the inerease in stock size (or less the deerease). The results of
both medels (summarized in Figure 2) show that the maximum sustainable vield for
demersal cateh is around 15000 mt/annum with a fishing mortality of about 6.3, The
study suggests that this level may have been reached as carly as 1970, so that the rate of
exploitaion in 1993 was way above the maximum effort which can produce the
masimun yield.

Similarly, there was also a decline in terms of the quality of fish vield i the bay,
particularly o the compositon of species cought. The population of finfish decreased
which led 1o 2 corresponding increase in the invertebrate population of the demersal
species, Major changes noted in caleh composition include “increase in the abundance of
squid, shrimp, and small pelagic species, such as herrings and anchovies, the
disappearance of twrbots and lactarids, and the decline of usually Jarge commereial
species like snappers, sen catfish, and maockerels™ (BEAR, 1993).

One particular species, the Aefuse or Greater/Commuon Lizard Fish (Senridu
rieaitd!), used o be cougle in large numbers in the past but are now very few and, " ever
caught, are usually small i size.

Due to excessive fishing and the eventual decline in nuture 1ish population, seme
specics were unable to complete their lite cyele, from juvenile stage to maturity, with
more being caught still at the juvenile stage. Thus. there was an abserved small and/or
reduced size (length} of fish caught. Fishing pressure was also exerted on small demersal
and pelagic species, and has Turther led to their disappearance or a reduction in their



pupulatton, It is suspected that this may have likely disrupled the natural suceession of
tish species in the bay (BFAR, 1993).

Figure 2, Combined results of the Schaeffer and Fox surplus production madels.
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Sohoefter oo : Fax
Souree Resourca and Soological Assessment of Manila Gay (BFAR, 1535),
Attributed Causes

Overfishing was identified as the mest likely cause for the decline in fish
population and catch — both 1 terms of species compuosition and size,  This can be
correlated with the corresponding inerease in the number of fishers per kilometer of the
coastling, from 70 t¢ 253 in 1987 up 1o 1993, Accompanying the increase in [ishers is an
merease in the number of boats (municipal) per kilometer of the coastline, estimated by
dividing the reported number of beats by the approximate length of the Manils Bay
coasthine (190 km), The number of boats increased from 74 units’km in 1980 (NCSO
Census on Fisheries, 1980 ¢ited m Tambuyog, 1990) to S unuskm in 1991 (FSP-DA,
19923 and to 1035 units/kon in [992-1993 (BFAR, 1995}, which mdicates the intensity of
fishing effort in the bay.

In addition. destructive and illegal fishing methods, the destruction of habitats,
and pollution {e.g., mereased organic load and consequent low DO were also considered
1o have adversely affected fishery productivity in the bay, Fine neshed nets, trawls, and
motorized pushnets, commonly used in the bay, coupled with the availability of and easy
access o explosives by lisherfolks have led 1o such destructive and 1llegal practices,

The elfects ef otlier pollutants such as heavy metals, pesticides, oil and grease,
and high total suspended solids (TSS) on the fisheries could not be totally excluded and,
in varving levels and actions. may have contributed to the observed dechine,



Consequences

Overlishing has led 10 reduced fish biodiversity (e.g. decrease in the lelish
pepulation and an inerease in inverlebrate population ol the demersal fishes), loss af
ceonomically important speeies, reduced fish yield, and the consequent economic and
social losses.

The use of simple fishing gears 15 no lenger effective. Fisherfolks, particularly
those who depend on subsistence fishing are, therefore, economically and socialls
Jdisadvantaged.

Shellfisheries
lovidence for Decline

The main shelllish species cultured in the bay are Peena vividis, locally known as
taliong, and Crassostrea ivedale, the rock oyster, locally known as iafiaba.

A profile of cconomic activities in Mamila Bay (part of the compilation of studies
on Manila Bay prepared by the Tambuyes Development Center) shows the trends ol
shelllish production trom 1953 o 1988 as cited from the Burcau ol Agricaliural Stanistics
(BAS) 1985 Fishery Statistics, The data showed inerense in production from 1985 1o
1984 for both ovsters and mussels, lollowed by deercasing trends from 984 w0 1988,
The combined production of oysters and mussels shows that from a peak of 17,292 mtin
1984, production went down to 10388 mt in 1985, In 1987, particularly, ovster
production decreased sharply by 4,173 mt while mussel production decreased by 2,174
1]

Tahle 2. Retrospective Analysis for Shellfisheries in Manila Bay,

Rosource Areal | Results ' Impact
Type Extent | Changels Observed Identified Agent's
Zhell fisneries |Small |[Quantity MAcsL Likely: e Losscf
= oyster sleady cecling . Creerhiarvesting / ecanarm.cally!
fram &,2592 mlin 1984 10 avercalloction imporant
1.730 ml in 1988 species
«  mussel decline fram Likely: v Heduoed
| 11018 mt in 1584 10 3,658 Follution. Dumping of yield
mtin 1988 domeslc and industrial (production]
*  disappearing windaowpane sewage’ heavy melals, TS3,
ayster (from 450 ta 480 posticides, PAH, al and
seedingsim® in grease '
Paranagque in 1947} = Destruclicon of habilats
{threcugh reclamaton)
Cualily: corversion and destructive
Contamination of shelllish lishing melhods
Lissue with colifarm, heavy «  Phytoplankton blooms
metals and peslicides izausing angxic conditwons) |
Sources:  BFAR, 1885, UNEP/EMB-DENR, 1931, Tambuyog Development Cemter. 1990, anc Blanca,
1947,
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[n addition, the windowpane ovster that used to be gathered and actually cultured
in the eastern areas {Metro Manila) of Manila Bay is disappearing, Based on the report
ol the Proposed River Rehabilisnuon Program tor the Manila Bay Region (UNEP/EMB-
DENR, 1991}, the windowpane ovster is disappearing as a result ol overesplotation and
pollution.

A 1947 publication af the Philippine Journal of Fisheries {Blunco. 1947) reported
that the windowpane oyster, Placuna placenia, locally known in the Philippines as fapis,
used 0 be extensively culuvated in Bacoor, Cavite. The kapis seedlings were sourced
lrom what was then Parafiaque. Rizal (now Parafague. Metro Manila) where 80 10 100
seedlings/ll of the sundy, exposed wet beach and from 450 to 460 seedlings/m™ in the
shallow lageons were found,  Seedlings were also gathered at Navotas, Rizal (now
Mavows, Metro Manila) where a seedling collector usually was able to gather [T 5,000
to 10,4000 pieces from carly moming o sunscl.

In terms of the qualiny of the shellfish resources, specifically [or hunumn
consumption. the results of the prospective risk assessment indicated high concern for the
lewvels of fecal coliform, heavy metals and certain pesticides i shelllish tssue.

The retrospective analvsis for shellfisheries in Manila Bav is {found in Table 2,
Attributed Causes

For the windowpane oyster, the main lactor for the decline was the enormous
demand for kapis shells, especially the thin and transparent shells of the young oysters.
Oither fuctors that accounted lor the decline include pollution, suflocation due o
deposition of mud and sand on the natural beds and absence of foad for its proper growth,

The shelliish production data presented bere were ebtained after the first red tide
episade m the hay (1983) and on subsequent years (1984 — [988) which were also
marked with several red tide occurrences. This may be one ol the reasons lor the sharp
decrease in production i 1987, lnercased public awarcness about the human healih
mpacts of the red tide occurrences may have significantly lowered the market demand
for shellfish fram the bay or shifted the demand to other areas. although the efleel of
pullution cannol be disrezarded.  The prospective risk assessment has shown that the
levels of nutrients, suspended solids, heavy metals, pesticides and oil and grease in the
bay present considerable risks o the ceosvstem. Low dissolved oxvgen levels, ansing
rom excessive organic loading, can have adverse impacts on shellfisheries.

Other factors that may have contributed (o the decline include destruction of
habitats through reclamation and conversion of nearshore areas that were fornerly
utilized as shelllishery grounds, and, to an extent, destructive fishing methods.

Another contaminant that is known w adversely atlect the reproductive processes

ol some arganisms, particularly mollusks, is tributyltin {TBT). a substance used in anti-
fouling pamts for ships (Swennen, 1996, cited in MPP-EAS, 1999b). There were no
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available datt on TBT and its elTeets on orgamisms in the bay, but 1t is likely 1w ueeur in
the bay, and should be taken into account.

Ancther threa 1o shellfisheries, both cultivated and found m the wild, are the
phvioplankion blooms which include the red tide phenomenon, In 1987 at the Bacoor
Bav, there were documented reports of cellured mussels and ovsters that perished due
reduced DO levels durimg the height ef the red nde bloom.

Cunsequences

All of the agents mentioned have severely affected the shellfisheries ol the bay to
an extent where cconomically important specics are disappearing, as 1 the ease of the
windowpane ovster, and the yield ot the other remanmung species are continuous|y
deelining.

A spin-ott efleer of the red tide phenomenon is the lowered demand lor shellfish
as the public has became better informed of the fatal effects of paralytic shellfish
poisoning (PSP, Eeonomically, shellfish culture and larming industries were adversely
alfected.

Seaweeds
Evidence of Decline

With the lack of available comparative lustorical information, it was not possible
to determine a decline in seaweeds in the bay. Bused on the Reseurce and Eeological
Assessment of Manila Bay (BEAR, 1945}, the available information only pertains 1w
recent distribution, being widespread, with 32 species found belonging to 33 penera, 21
familics, and 15 orders, with Rhodephvia, Phacophivia, and Cholorophyta as the maost
commuon orders. I addition, Sargassum and Graeilaria were found 1o be the dominam
species. The retrospective analysis of seaweeds 15 presented in Table 3.

From cight sampling stations within the bay, it was established in 1993 that
seaweeds had low mean abundance, 23 to 31 imdividuals per 0.5 square meter (ind/7L3
m™ 1 in Mariveles and Orien in Bataan, in Maloles, Bulacan, and Corregidor lsland, There
were noted mwermediate mean abundance (33 1o 47 ind/0.5 m'":} in Parafaque, Metro
Manila, and in Bacoor and Tanza, Cavite; and high mean abundance, 61 ind/ 0.5 . in
Termate, Cavite. Diversity indices are destributed as follows: ligh (greater than 2.4) s
Mariveles, Bataan and in Ternate, Cavite and Corregider Island, intermediate (1.6 1o 1.4)
in Perafaque, Metro Manila and Buacoor, Cavite, and low (0.3 1o 1.0) m Orion, Bataan
and Malolos, Bulacan,

Attributed Causes

Potential agents known to adversely affect seaweeds mclude sedimentation,
utilizatten, and pollution.



Consequences

A decline in seaweed abundanee and diversity may lead 1o Ioss of econonucally
important species as well as the loss of its ceological Tunetions.

Table 3. Retrospective Analysis for Seaweeds in Manila Bay.

| Resocurce Areal | _ Results | Impact
Type Extent Changels Ohserved | Identified Agent/s |
Eraweeds Small  Information provided in availakle i- Sedimentation +  Lozsof
literature: o Utilizalian cronamicaly
»  GZspecies it Paflutian: inporianl species
= mosl common orders: [ il ang Greasa = Loss of ecclogicsl
Rhadophyta, Phaeaphyla, ol Spills funclions
and Chlargphyla Heawy Matals - lood far marine
[»  Sargassurt and Gracilaria Peslicides animals
| as daminant specias FAH - source of nulrienls

Source. BFAR, 1935
Phytoplankton
Evidence of Decline

There are no available data Lo suggest the decline of phytoplankion in Mantla Bay.
An inventory-assessiment made as part of the Resource and Ecological Assessment of
Manila Bay (BFAR, 1995) showed that. for the sampling stations occupicd, there were
sixty-three genera of six algal divisions thal were 1dentitied.  Bacceilariophyta dominated
the species group throughout the year, Highest phytoplankion density and diversiny was
noted from January Lo March 1993, accounting for 37 of the total 63 genera known Lo be
present in the bay but which deereased ubruptly w 35 during the dry season {Apri| 19U3).
Tuble 4 summarizes the findings of the vetrospective analysis for phyioplankton,

Rased on other avarlable and related data (PRRP, 1999), chlorophyll-a
meusurements were noted to he mereasing, indwating that phvtuplankton in the bay alse

mereased during the tme of observation {1996-1998).

Tahle 4, Retrospective Analysis for Phytoplankton in Manila Bay.

Resource Areal Efidi“gs’ |
Type Extent Changeis Observed |
Fhytoplankton Large Information from available relevant literature; '

s geners presenl - 63

= cominanl group. Baccilariophyia {amaong stalians;

s poriod of highest diversily ang density is: Jan-Mar 1892, while
_period ef lowes! diversily and densily is April 1983)

Saurce: BFAR, 1895,



Althougl there was no observed decline in phytoplankton, attenuen should wlso
be given to the potential effects of suspended solids and other pollutants in the warter
column to primary productivity, High amounts ol suspended solids muy reduce or even
inhibit primary preductivity,  The reduction or inlubimion of primary productiviny will

have a chain eflfect on succeeding trophic levels.

The ecological importance of this

resource makes it as vitluable as the other resources dependent for it in the Jood chain.

HABITAT TV PES

Mangroves

Evidenee for decline

A majority of the data utilized for the assessment of mangroves was taken from

the Resource and Eeological Assessment of Manila Bay (BFAR, 1993),

The study

mentioned estmates of around 34,000 hectares ol mangrove forests in Manda Bay at the

trn of the century (18940,

Further estimates showed that after [00 vears (1990) there

were aonly 2,000 hectares leli, but which were further reduced to 794,37 hectares based on
computations in 1995, The following provinees have had the most significant mangrove
forest logses: Pampanga, Batan, Bulacan and the town of Navotas i Metro Manile. The

retrospective analvsts of mangroves in Manila Bay ts shown i Table 5,

Table 5. Retrospective Analysis for Mangroves in Manila Eay.

Impact

Habitat Areal Results
Type Extent Changefs Observed | Identified Agentis i
Mangroves Small Quantily: Very large decline - Most Likely: |

baveide

[»  from an estimated

B 000 hectares i 1890
1o 2,000 hectares mn
1220 and trom 2,000
Meclares in 1280
TO4.37 heclares in 1995

Ciuality: Mo data

»  Physical removal far the
ff. activilics:
Conversion (i.a. for
acudacullure 3and sait

heds)
Land reclamation and
clher development
aclvilies

- Cutling for tuslwood and
housing)

«  Szdimentztion from
upland activities

Possibly;
«  Pallulion: Ol Spitls,
pesticides

»  Pesl inlzstation

[locslized)
» Lanar suffocalion

[localized)

Ceqgradalan or loss
of hahilat and i
rursery grounds
Loss of natural
aralechon

Fecucen
hindiversity
Coaslal erosion
and siltation

Loss of carbaon
storage

Reduced delntus
Secondary adverse
impacis o adjacent
coral resfs, sea
grass beds, and
cther habitats

Source BFAR, 1985,



Attributed causes

The major cause of the decrease of mangrove is clearance for conversion inte
aguaculture and salt beds, land reclamation for human settlement, industrial development
and other development activites, Physical removal o fuel wood was also one cause of
decline, Wood from mangrove stands s known as excellent firewood (o avens used m
bakeries.

Other factors autributed to cause the decline in mangrove forests nclude pollution.
1o, from oil spills, chemicals, and oating solid debrisowastes that clog the root system
of mangrove stands, and sedimentation as a result ol upland/upstream activites, Pest
infestation mayv have contributed to the decline although on a more localized level, us
aceurrence wias observed only in the mangrove stands found within the NCR area, "The
mcreased suscepubility of the mangroves o pests may be o manifestation of an
ccosystent under stress, as o consequence of pollution and physical disturbance. Lahar
sulTocation hias also contributed o the decline in mangrove forests i Pampanga,

CUIISE{IUL‘IICQS

Destruction of mangrove lovests i Manila Bay have led to the loss of ccological
functions such as breeding, spawning and nursery grounds, natural protection from wave
getion, protection from coastal erosion and siltation, and starage for carban, It also has
secondary adverse impacts o adjacent coral reels, sea gruss beds. and other habitats.
Coensequently, productivity of marine animals, particularly the commercially-important
species, Is adversely aflected. The reduced fish productivity ulumately atfects the
cconomy and the people dependent on fislung for livelihood, especially the small-scale
lishers,  The loss of natural coastal protection also atfects the salely of coustul
communities from floods and tvphoons,

Coral Reels
Evidence for Decline

There has been a decline in coral reels in Manila Bay, but there is no definite
flioure or estimate for the said dechine. A resource and ceological assessment conducted
in 1992 = |993 (BFAR, 1995) reported that a large section of the reef at the entranee of
the bay, particularly the thick growth of derepora sp. had zlready been damaged, Other
information from the same report were limited o percentage ol coral cover, species
diversity, structure, location, and distribution. Percemtage af live cover 1 as follows: 20
in Mariveles, 40w 80 m Cavite (Limbones Cove), and 20 in Corregidor Island. There
were about 14 families of hard corals, ane family for solt coral composed of 38 genera
and 33 species that were categorized as ecologically pour in condiion.  Structure-wise,
those tound were of the [ringing type composed ol generally encrusting forms and
massive in habit with no solid stands, and are mostly dispersed and oceurring in patches.
Most colomies were found to be young and small. The summary of the retrospective
analvsis for coral rects is found in Table 6.



Avtributed Causes

The seemingly sparse distribution of coral reets. mostly oceurring in patches and
m voung and small colonies, in the bay could be attributed 10 various factors including
physical destruction (dynamite f1shing), cvanide/poison fishing in the reef area. siltation.
gathering. use ol lishing gears and attachments (trawls and motornized pushnets), increase
in boat ancherage, and pollution from metals, pesticides and oil spills. Further analysis
of species composition and identilication of dominant species could provide insights into
environmental characteristics of different reef arcas and aid in identifying major causes ol

decline i different locations,

Table 6, Retrospactive Analysis for Coral Reefs in Manila Bay.

Fesults

available/ecclogical stalus
cilegonzed 35 poor

Wi af 1992 — 1993

wparcent live cover J0 00

[ tariveles, 40 to 80 in Cavile

(Limbones Cove), and 20 in

Correidor 1sland

= 14 families of hard corals,
ane family for sofl caral

[ composed of 35 generd and

A3 species

Quality: Na data
Information from available
relevant literalura/stiud.es

e slructure: fringing type
compasiad ol generally
encrusling and massive in
habit / no solid stands {
dispersed and accurring in
patches f mosl colonies
young and small

dynamite fishing)
Cyanide/paigan
fisheng in the reefl
ared

Siltation
Gathering

Frshimg gears and
attachments {lrawls
and metorized
pushnets)
Increasec hoat
ancherage

Habitat Areal | Impact
Type Extent Change's Observed Identified Agent's |
Coral Regfs  15mall Quantity: there was decline bul s Fhysical +  Degradalion o :css‘
no aclualiestimated figures daslrection (i of habiat

Feduced fishery
production
Feduced lcurnism
padantial
Reducea physical |
prolecton |
Reduced
briodiversity
Less cf carban
saguestralion

Source: BRFAR, 1985

Consequences

The consequences ol coral reel” degradalion or loss are

reduced biodiversity,

reduced tishery production, reduced tourisns potential, and reduced physical protection.



Seagrass beds

ILvidence of Decline

Avallable doma (BFAR, 1995) only melude information on species, abundance, and
diversity. Haelophila ovalis and Halodule pinetolia were the two dominanl species found
in the sumpling stations at the mouth of the bay (Orion-Martveles-Corregidor-Limbones
cove area). Limbanes had the highest recorded abundance, 23 indi00.5 m', followed by
Orion, 12 ind/0.5 m”, and with Mariveles and Corregidor the Jowest at 5 1o 6 ind/0.3 m",
Generally, the diversity was categorized as low: Ornon, Limbones, and Corregidor were
found to have .39 1o 069 diversity indices, while Mariveles had a very low mdex (1),

Since there were no available estimates ol arcas previously covered by seagrasses
in Manila Bay, estimates of losses cannot be obtiined, The results ol the assessment are
found m Table 7.

Table 7. Retrospective Analysis for Seagrass in Manila Bay.

Habitat Avaalr | Findings Impact
Type Extent | Observations Possible Agontis
[Seagrass Smal  Available Infermation: Most likely: [« Losscf
Cnly five species - +«  Zadimentatiaon acoromcally
«  Domirated by two (2} speces imporant
- Halophila ovalis and Hatogwe Others soecies
panolfalia . lo  Conversion of coastal s Loss of
«  Abundarce (inc/d.5 m* areas tor apen water shoreling
[ Cirion, Bataan — inlermediate fish cullure protection
[12] «  Dynamite fishing and {stabilizes the
tariveles, Balaan = low {5 and cther destructive zclicn of
G} fishing methods WavEs)
Limbenes - high (23} « DCischarge from +  Losl ol hattat
Corregidar island — low {5 and domestic and sewage and nurzery
' i) or industial wasles: greunds
= Diversity Index: - Ot and Grease v  Reduced
Crion, Balaan = nigh (0.59 - - il Zpilis ' detritus
0 655 - Heavy Metals
[ Flariveles, Bataan — low (0} - Peslicides
' Limbongs = high (0,59 = 0.69) - PAH
Corregidar 1sland — high [0.59
- (1.68)
L (Ower-all — low diversity -
Source: BFAR, 19356,

Attributed causcs

Sedimentation is a potential factor lor causing a possible decline in seagrass in the

bay.

Other factors include conversion ol coastal areas [or open water fish culture.

dynamite fishing and other destructive fishing methods, and pollution of the water and
sediment with oil and grease, oil spills. heavy metals, pesticides and PAHs.



Conseguences

Decline in seagrass will lead to the loss ol cconomically important species, luss of
pratection {us it stabilizes the actien ol waves), luss of habital and nursery araunds, and
reduction m dewrnal matier.

Solt-Bottoims
Evidence ol Deeline

The soft-bottom communitics are composed of the benthic organisms made up of
an assemblage of invertebrate organisms, The distribution and seasonal varation ol the
soft-bettom fauna may depend on several enviromuental lactors such as temperiture
salinity, character of the substrate, scasonal changes and others.

The results ol the Resource and Ecological Assessoent of Manila Bav (BFAR,
19939, conducted trom Julv 1992 1o October 1993, showed how the distribution of
organisms in the bay were influenced by environmental conditions.

In general. there was no significant scasonal variability in the mean population
density of the soli-bottom benthos, but there were significant differences i population
densiy and distmbution berween stations, with Corregidor recording the highest mean
population density of the major groups of soft-bottom fauna and Navotas having the
lowest duh:w for the same groups of mu.mmm For example. in May 1993, there were
7,350 ind/'m® in Corregidor and 45 inds m° in Navotas. This o ty be aseribed to the naturee
of the substruie. Heterogeneinty in sediment composition promuotes habitat diversification.
The substrate of Corregidor was compused of grains that were not well-sorted while the
substrate 1 Navelas was line-grained and clayey.  Aside from this factor, howeyer, the
studyv also showed that the contrast in population densities might be indicative of the
existing envirenmental conditions,  Based on the water quality study, Corregidor had
nearly pristine ecological conditions while Navotas had very poor water quality.

The study alse showed that there were lighly telerant assemblages that prevailed
in muddy substrates near sewerage, organic waste and e[fluent outtalls, and that there
were other commuities that dominated areas with good sediment sorting and less
environmental disturbances.

A more reeent study, the Pasig Raver Rehabilitation Project (PRRP, 1949).
conducted from 1996 w 1998, showed that [or the major taxonomic groups ol henthos
{polychacta, bivalvia, gastropodi and crustacen), there was a decline in terms of mean
abundance and mean biomass,

Mean  abundance  declined  [rom 706 and 690 total/m® in March and
September/October 1996, respectively, to 214 and 140 rotalm” in April and Septembes
1997, and 50 and 118 in March and Nevember 1998,

[ B]
-1



Fhere was also a decling in mean Biomass Irom 22 and 98 grams wet weight per
square meter (g wa/m©} in March and SeplemberQctober 1996, respectively to 8,2 and
9.5 (¢ wwim?) in April and Seprember 1997, and 7.9 and 1.0 in March and Nosember
998 (2 ww/m’).

There was also a noted shifl, in terms of communily struclure, from a bivalye-
deminated community to an increasingly polvehacte-dominated community. Table 8
details the retrospective unalysis for solt-bottams in Manila Bay.

Attributed causes

Pollution has been identified 1o cause the decline in benthos. partculurly
manifested i the low dissolved exygen levels i the buy waters, The low DO, especially
at the bottom, creating almost snoxic conditions is due to the continuous organie loading
in the bay and the consequent high biochemical oxvgen demand (BOD) and chemical
oxyeen demand (COD) particularly in arcas where mwor rivers deam. Other pallutans
like oil and grease, heavy metals, pesticides, PAHs and the soltd wastes that accumulate
at the bottom may also have affected the quality and quantity of the benthos. with
consequent effects on demersal fish catch.

Other important agents that caused the decline in benthos were sedimentation and
physical disturbance.  Heavy sedimentation 15 assoctated with reelmmation activities
particularly m the urban areas and physical disturbance/destruetion is associated with
trawl lishing, vse of motortzed pushnets and other activities that disturb the boltum
sediments,

Consequences

A study (BFAR, 1995) has shown that the composition of the soft-bottom
conmmuuly has an effecr an the fisheries. A positive correlation was reported between
mean cateh rate of demersal fish stock and benthos population density (1 — 095, P < 0.05)
and species diversity (BFARL 1993), It was noted that in areas where there was high
benthos population density and species diversity, lish catch rates were also high, While
in areas near discharge or outlulls of sewers and i pollution sinks, which have observed
high concentrations of heavy metals and other debris. there was low benthos density and
law fish carch,

Benthic orgamsms also play a significant role in the degradation of organic materials in
the sediment and, therefore, aid in the regulation of organic load, The loss of benthos has
consequent elfects on this impuortant ecological function,

t-d
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Table 8. Retrospective Analysis for Soft-Bottoms in Manila Bay.

Habitat Arcal Findings il -l
Type Extent Ohservations Possible Agent's
Soft Bolloms  |Large = 1892 - 1993 (BFAR, 1965)  [Most likely « Legradation or loss of
Signiticant difterences in mean | Lozwe DO | habilal
Fopulation density between »  Secimentatian » Loss of benthic
istatians [ {reclamatian organisms, reduced
|- Corregidor-highest density activities) civersily
|- Mavotas-lowest densily s Plivsical o Dacling i fish
[Different cominanrt communilies Msturbance (ishing]  production
Lebween siations aclivity) « Loss of funclion in
regquiation of cronmic

s 1995 - 1928 (PRRP, 1959} |Possibly: lazzing
Cuanlily: o Pollutior:
- Decling in mean abundance of O 2nd Grease

Majer [AXanomic graups

] Heawy Melals !
itotalfm®); 706 and 620 for Mar.

Peslicices
and SaptOct, 1596, Dlher organics
[ respectvely 1o 214 and 140 in =T
Sor. and Sept, 1297, resp, o T35

50 and 118 in Mar, and Now.
1998, res).

- Decling in mean biomass of
major lazonamic groups (g
wwim'), 22 and 98 in Mar, and |
SepliOcl, 19986, resp, 1o B2
anc 8.5in &pr, and Sept, 1887,
resp., and 7.9 and 1.0 00 Mar
and Maw, 1534, rosp.

Cluality

Community structure - dominated
by polvchacies) low species

[ diversily

Sources; BFAR. 1595 and PRRP, 1928,
Mudflats, Sand {Iats, Beaches, and Rocky Shores

Based on the Resource und Eeolugical Assessment of Manily Bay (BFAR, 1995),
the total area occupicd by mudflats is estimated to be areund 4,600 ha. Fifty three percent
(33%) of the mudflats are found in Bulacan, 29% in Pampanga, and 17% in Baton,
Based on the same study, wolal sand Nat arca s 1,500 ha, ond thos composite s distributed
in Bataan (47%), Cavite (306%), and Metro Manila (16%), while none are found in
Pampanga and Bulacan. There were no estimates made on beach arcas, but the same
study mentioned particular areas in Ternate, Cuvile and southern part of Metropolitan
Manila, as well as in Cochines Pomt in Manveles, Bataan. In addition, these areas were
found to have composite floral cover of herbs (62.20%0). trees (21.50%), shrubs {9.50%),
and vines {7 .80%).

There iz paucity of data on the location, condition and area occupicd by rocky
shores in Manila Bay,  Although based on maps available, the arca of such habitats 1s
quite small, These are considered as least important — and therefore least studied -
compared with other habitats or resources found within the bay.



Tabkle 9. Retrospective Analysis for Mudflats, Sand flats, Beaches, and Rocky Shares in

Manila Bay.
Habitat | Areal Findings i |
t mpact
Type Extent Observatians | Possible Agents |
husllals Meoderale Tolal Area: & GO0 ha Feciamation (Degracation andicr 0ss |
Bulacan 2,457 ha Convers on lm hiabilas |
Pamaanga: 1,340 ha
[Bataan; 803 ha - |
zand flals s Small Talal Area, 1.900 ha [Reciamation Degradation andfor logs
Beaches | Batann: 723 ha Corversion af hatilal
Cavite: 537 ha Faliuticn
i Petre Mamla: 240 ha |
Composite floral cover: herbs
| (62.20%], Irees i21.50%), shrubs . !
| 12.50%), and vines {7.B0%) | .
Faocky tEmall Total Arza: no datg Reclamatian Degradation andiar loss
Shores [ Location: Ternale Cavite, southern Canversion Gl habital
| | part of Melropaltan Manita, and Fhysical Cesiructon
| Cochincs Foint, Marnveles Bataan

Sourco: BFAR, 1985,
Evidence of Decline

lzstimates of loss or degradation of mudflats, sand tlats, beaches. and rocky shares
cannot be obtained since there was insuflicient comparable information. Table 9 provides
the findings of the retrospective analvsis for cach ol the afarementioned habias,

Attributed causes

Reclamation activities and continuous conversion, and m some cases. pollutien.
niay contribute to the degradation or loss of these labitats.

SUNBMARY
Resources

For resources, o clear evidence of decline was established for fisheries (BEALL
1995, Tambuyog, 1990; and TSP-DA, 1992} and shellfisheries (BFAR, 1993
UNEVEMB-DENR, 1991; Tambuyog Development Center, 1990; and Blanco, 19470,
The adverse eeological, ceonomic, and social consegquences of decline in the two
resources are both considered large even if shellfisheries are limited to certain parts of the
bay enly and are small in terms of arcal extent.

There were no available comparative data on phytoplankton density and diversity
to suggest a decline of phyteplankton in Manila Bay, but based on increasing chlorophyll-
ameasurentents [rom 1996-1998 (PRRP, [999), phytoplenkion was not a resource at risk
in the bay,

There were no nlormation on previous extent of cover and diswibution of
seaweeds n the bay so retrospective risk assessment could net be carried out.

L)



Table 10, Summary of evidences of decline, areal extents, and the consequences in the
decling of rasources in Manila Eay.

| P Evidence aof Arcal Extent Conscquences of Decline
| | Decline (Distribution) Ecolagical | Economic’ Saclal
Fsherigs ruch [ [ ! |
Shellfizheries Much | g
e ww | %
Seawceds Mg data v | | _
Fhyweplankicn | Mo data | | -
- amall : = market values
rxderale
s large

Table 10 presents how much information was avatlable w estabihsh decline in the
resources, the areal extent of distribution of the resources in the bav, and the ccological.
¢conomic and  socia]l  consequences of decline that has occurred  fur fisheries,
shelltisheries and benthos, might have occurred for seaweeds, or might oceur for
phvtoplankton. The cconomic consequences refer to the market values of the particular
resouree and do not include non-market values such as aption and existence values, lFar
example. the ceonomic consequence of decling in seaweeds was considered moderate
lrecause this was based on the market value of the seaweeds and did not consider the loss
of ceological Tunctions and contribution o decline 1 tisheries.

Habitarts

For habitats {Table 11}, clear evidence of decline was established only for
mangroves (BFAR, 1993), For coral reefs, there were no records of the previous extent
al cover but there were unpublished accounts indicating that there had been a decline in
the quality and cover ol the reels. This destruction of mangroves and coral reefs will
have large ecological consequences due to the loss of their ecological functions as
breeding, spawning and nursery grounds for various marine life.

For soeft-hottoms, a stuwdy conducted i 1992 — 1993 (BFAR, 1995) showed
signilicant contrast in population densitics and dominant communites for arcas in the bay
with nearly pristine ccological conditions {e.g. Corregidor) and arcas with very poar
water guality {e.g. Navotas), Data from [996-1998 (PRRP, 19499} showed evidence ol
decline in mean abundance and mean biomass of the major taxonomic groups and in
species diversity,  This deeline m benthos will have large ecologienl conseguences as
shown in a study (BFAR, 1993) that presented the relatonship between benthos and [ish
productivity in Manila Bav. Fish carch was higher in areas where there was high benthos
population density and species diversity and fish catch was low in pollution sinks like
sewers and discharge outlalls.

For the other habitats {e.g.. scagrass, mudflats. sandflats and beaches, and rocky

sheres), retrospective risk assessiment could not be carried ot Jue w lack of comparative
information to determine what changes have taken place.

A



Table 11 shows the amount of evidence used o cstablish decline in the habitats,
the arcal extent of distribution of the habitats in the bay, and the ecological, economic and
social conseguences of decline that has oceurred for mangroves and coral reefs. or might
have occurred for the other habitats.  As discussed for the resources, the economic
conscquences of deeline refer only to the market values of the particular habitat.

Tahle 11, Summary of evidences of decline, areal extents, and the consequences in the
decline of habitats in Manila Bay.

Habitat Evidence of Areal Conseguences of Decling |
Decling Extent (Distribution} Ecological | Economic’ Social |
Mangroves Much : = -
Coral Reefs | Little ' “ae = -
Seagrass beds | Marne d . F . I
Salt —bottoms Moderale wm vew ) i |
tudfiats | Mang " " e x |
Sandflats !
N ! ¥ L] w
Beaches ki
Focky Shores MNone . ' p ; T
z - small * % rmatkal valuas
o - MoCarang
e - large



Prospective Risk Assessment
INTRODUCTION

A prospective risk assessment aims to determune 1f micasured or predicled levels
ol environmental parameters are likely to cause harm to targets of interest,  This is
accomplished by identilying the likely targets then comparing the measured or predicred
cenvironmental concentrations (MLECs or PECs) wilh approprate  threshold  values
(PNECs) to get risk quotients {(RQs). For human health, risk through scafood ingestion is
estimated by comparing measured or predicted environmental levels (MELs or PELs)
with fevels ol concern (LOCs) as PNECs,

In an ecological point of view, different thresholds should be specified lor
different targets, and if these are not available, as is ollen the case, ecotexicological
endpoints can be extrapolated to ecosystem endpoinis using appropriate application
[actors (MPP-EAS, 1999},

For Manila Bay, a simplified ecological risk assessment was carried out using
slanduards and eriteria vadues from the literature as thresholds to estimate the risk o 1he
entire ceosystent.  The principles and techniques applicd are desceribed in MPP-EAS
(1999a).

For the ecological risk assessnent, ROQs are the ratios of MECs (ur PECs) and
PNECs. For human health, RQs are the ratios of MELs (or PELs) and LOCs, LOCs are
obtained by dividing the tolerable daily inlakes (TDIs) by the consumption rates. When
an RO 15 less than 1, it s presumed that the likelibood of adverse elfeets 15 low, When an
RO is greater than 1, there is a likelihood of adverse effects the magnitude aof which
inereases with inerease in RQ.

For ecological risk assessment:

AMEC{orPEC
RO - .IPK{UJPFL_}_
PNEC
l-ar human healtlh:
MEL{orPEL
RO = 1EL orPEL)
Lo

Where RO Low risk

< |
= | High risk

The reliability of the assessment depends largely on the quality of the data used as
MECs and on the quality and relevance of the threshold values used as PNECs, Although



there may be uncertainties associaled with the MECs and PNECs used in the risk
assessment, the utility of the RQs in signalling potential areas of concern is significant,
The uncertainties can be minimized through the careful selection of good quality data and
relevant thresholds or these can be described so that future use ol the results of the risk
assessment would take the possible elfects ol the uncertaintics into consideration.

Uneertainties can also arise {rom the variability in the RQs obmined.  An iniial
measure of uncertainty was obtained by taking the average and worst-case {(maximum)
R{Js, A more quanutative measure of uncertainty ¢an be carred out using the Monte
Carlo estimation, a resampling technique which randomly re-samples pairs of MECs und
PNECs to come up with the percentage of the measured values exceeding the threshold.

Data for the initial risk assessment of Mamila Bay came primarily trom the Pasig
River Rehabilitation Project Report (PRRP, 1999), A deseniption of the data and
sampling locations for PRRP and other references can be found in Appendix 2.

The threshold values used as PNECs came from various sources (Appendix 4) and
will be detailed in the discussion for cach parameter, Included in Appendix 4 is the
Philippine Water Quality Criteria (DENR Administrative Order No, 34 or DAO 34,
1990}, In the DAD 34, criteria values are given for different water classifications based
on current best benelicial use. Water classifications are arranged in the order ol the
degree of protection required, with Class SA having generally the most stringent qualiy
for marine/coastal waters, and Class SI having the least siringent water quality for
marine waters. For [reshwaters, Class AA and Class D are the most stringent and least
stringent classifications, respectively,

NUTRIENTS
Witer Column

The data for nutrients in the water column were taken {rom the PRRP Repont
(1999). The data used was obtained monthly from eight stations spread across the bay
from 1996 10 1998, The criteria values were from the proposed ASEAN Murine Water
Chuality Criteria (Jusoh et al, 1999).

Initial assessment af the quality of the data using scatter plot distributions
(Figures 3a, 3b, 3¢), showed that the maximum values (MECy,,) secemed to be outliers,
A closer inspection of the daa for PO, revealed that 30 % of the data was not dissolved
inorganic POy but particulate POy, and this is where most of the high values came fron.
This information was stated 1n the text of the report but was not readily known from the
data tables. Tlis emphasizes the need for o more thorough review of data emploved in
risk assessment calculations. The RQs reported here for POy were calculated afier the
particulate data and another outlier (high value connung from a relatively cleaner station)
were taken out. For the other nutrients, it was not ¢asy 1o lake out suspected outlicrs
because the maximum concentrations were measured from expected hot spots. These
high values were, therefore, retained and used to calculate the ROy

Lei
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Figure 3a. Scatter plot of data for NO,-N.
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Figure 3b. Scatter plot of data for MH;-N.
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Figure 3c. Scatter plot of data for PO,-P.
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The RQu,, for nutriemts, therefore, represent only  the areas were the
mcasurements were taken. A better representation of nutrient conditions an the bav



would be the RQgeomesn Which was calculated using the geometric mean of the
measurements.

The average and maximum RQs for the nutrients are given in Table 12. All the
values for the worst-case RQs for nutrients are greater than 1. Phosphate indicates
significant concern because the maximum RQ 1s very high (RQ worst-case = 146) and the
average RQ was also greater than |. The RQgeomean for NO; (n = 772) and NH; (n =
766) were less than 1. This shows that, on average, the environmental concentrations for
the two parameters are below the critical level, Phosphate (n = 558) on the other hand
exceeded 1 (RQGeomean = 5.9). Thus, phosphate is an important agent of concern.

Table 12. RQs of Nutrients in Manila Bay.

Agent } MECceomean {(mg/l) ! MECmax (mg/l) PNEC (mg/l) RQgeomean RQumax
NQs-N [ 0.027 | 0.387 . 0.06 0.4 6
PQ.-P 0.029* | 0.714 | 0.0048 1 5.9 | 148
NHa-N 0.003 1 0.779 1 0.070 ‘ 0.04 1 11

* PO: MECgeomean iS the average of 3 geometric means (total n = 558)

Source for MEC: PRRP (1999).
Source for PNEC: Jusoh et al., 1889,

The maximum MEC for PO; was sampled from the bottom in a station near
Bulacan River. Data from other depths in the water column taken on the same outing
were much lower so there is reason to suspect that the high value might have been due to
remineralization from the sediment. A more detailed analysis of vertical and horizontal
variability in the water column as well as temporal variability may be able to verify these
statements.

The possible sources of  nutrients in Manila Bay are
domestic/commercial/institutional waste and sewage, untreated or partially treated
industrial effluents and agricultural discharge or run-off.

All of these are contributing significant amount of nutrients to the bay, but
domestic/commercial/institutional waste and sewage can be considered as the major
sources of contaminants and these can be discharged or transported to the bay through the
river systems.

With regard to phosphate, elevated values in the water column can be attributed to
the extensive use of feeds, fertilizers and detergents with high phosphate contents.

Nutrients are required for primary productivity but elevated concentrations may
cause eutrophication and may trigger phytoplankton blooms. This has implications on
dissolved oxygen levels in the bay and, eventually, on the benthos and other sessile
0rganisms.



Uncertainty Analyvsis

The risk guotients obtained highly depend on the MECs and PNECs vinployed in
the caleulations,  Some of the values used in the assessment for NO» and NH. were
suspected to be outliers, as shown in the seatter plots (Freaee 3a - ¢). For NG, values
greater than 300 pgdl represent approximately 1% of the total sample size (n = 778).
These high values, hewever, were taken Jrom stations near the major rivers so these were
retained to prevent disregarding values that may represent real hol spots. A more refined
risk assessment is in order, focused on verifving the values used in this intual nsk
assessmient and on a more detailed analvsis of spatial and temporal variations to enable
the idenufication of possible sources as well as Jdeternunauon of natural seasonal
variability, Loadings from major rivers can also be evaluated 1o deternine their relative
contributions 1o nutrient levels m o the bay,  An alernative method that can idennfy
whether nutrients i he bav are coming from sources insile or owtside the bay is the
caleulation of nutrient budgets in the bay, This would be a useful support 1o, as well as o
means o verily, the assessments made on the bay. This. however, would need nutrient
duts from sediment interstiial waters,

The PNEC wsed for phosphate (0,015 ma/l POy is the proposed criteria value [or
coastal waters, There is another proposed criteria for estuarine witters (0,043 mg/l PO.)
that could considerably reduce the RQs tor phosphate, but there are reservations in using
this for Manila Bay since the bay is relatively better mixed and flushed than the wvpieal
cstuary.

DOBODACOD
Woater Column

For dissolved oxygen, unlike with the other parameters, concentrations luwer than
the threshold value signal deteriorating environmental conditions.  R@), therefore, 15 not
the ratio of MECs and PNECs, but the reciprecal of the rativ, For BOD and COD, ROs
cannot be caleulated because there are no available data from the bay, Contnbutions
from major rivers draming o the bay will be considered instead.

The data used was from the PRREP Report (1999) and was taken at the same time
as the nutrient data. The eriterie value was from the DAO 34 ¢ 1990) [or Class SC waters.

The RQy. for dissolved oxygen (DO) exceeded | (RQu = 5) while the
ROQpeuwean (00 = 750) 15 approaching 1 (Table 13}, The highest RQ was obtained for a
measurenient near the bottom ar the station near Bulacan River. The scatter plot (Figure
43 shows the distmbution of DO values at the surlace, mid-depth and near-battom.  Muost
al’ the high RQs were obtained from bottom DO measurements although some high RQs
were obtained from mid-depth and & lew [rom the surface.  An uncertaunly analysis
would be needed te determine the probabality of the RO value excecding T lor the whole
duta set and also for the different depths.



Tahle 13. ROs of Oxygen Demand Parameters in Manila Bay.
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Figure 4. Scatter plot of DO in Manila Bay
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The results for DO may reflect the possible BODICOD profiles of the bay since
increase in the organic load associated with the hugh BOD values can significantly cause
depletion of DO,

The depletion of DO in the water column can be attributed o the possible sources
ol nutricnts as mentioned above,

The Jow levels of DO m the bay, especially in bottom waters, may have
significant adverse consequences on the benthos and shellfisheries and. indireetly, on the
organisms that feed on the benthos. Low DO also has implications on the decompuosition
of wrganics in the bay and may promote anoxic conditions, which also adversely affec
aesthetios.

Uncertainty Analysis

Simce the ROGemean Was very close to one, the Monte Carlo estimation was
applicd.  The results showed that the probability of RQ exceeding | s approximately
40% (S.D, = 1.94), A more detailed spatial analysis would tdentify the areas in the bay
where low DO oceurs most frequently and a moare detailed temporal analysis would
establish how long the DO stays at low concentrations that could adversely affeet the
erganisms in the bay.

o
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Consideration of Contributions from Four Major River Svstems

To corroborate the assessment of nutrient and oxyeen demand m the bay, nutrient.
DO and BOD measureinents from four rivers systems considered as major pathways ol
mialerials 1o the bay were also assessed.  There were no measurements for COD. The
BOL assessment is particularly important sinee tus parameter could not be assessed n
the bay due to lack of data. Contributions from major rivers would give the potential
BOD scenarie mside the bay.

The data used to compute for RQs were average values of measurements from
1991 1o 1999 [rom different stauons in each river system. The eriteria values used were
tor Class C of the DAQ 34 (1990} water quality eritena tor fresh waters,

Nurrients

The maximum MECs f{or all the nutrient parameters (Table 14) were derived from
the mean of the maximum concentration of different stations in cach river system from
1996 ta 1998 except for Metro Manila (1990-1998) The geometrie mean was caleulated
based on the average concentration of nutrients from different stations in cach river
systent, The criteria values used were [0 mg/1 for nitrate-N and 0.4 mwT for phosphate-P.
The criteria value used for NO;-N, however, applies enly to lakes and rescrvoirs wid
similarly impounded waters and is more conservative.

All caleulated maximum ROQs for PO:-P were greater than 1 i all river systems
examined. Average PO-P RQs tor the Coavite and Pampanga river systems were less
than 1 while average RQs for Bulacan and Metro Manila river systems were $.24 and
1,22, respectively.  All maximum NO;-N RQs were less than 1 except i the Metro
Manila River System (RQyy,, = 1,260 Average NOs-N ROs for all the river systems wore
fess than 1. There are no environmental criteria for ammonia in the water column. thus
the RO value for this parameter was nol ealeulated.

Based om MECs, nitrogen in most of the rver systems appears to have higher
concentralions than P, but RQ values suggests that the level of P can pose a risk to the
water column, Higher concentrations of P than N were only observed in the Bulacan
River Svsten,

The results of the risk assessment lor the river systems conlirm the greater lesel
of concern fur POy that was shown in the risk assessment for Manila Bay, It also locuses
attention on the potential contributions of the different mujor rivers although the data
used were not sufficient 10 establish the relative contributions, Reports of nutrient river
loadings would be needed for such asscssments,
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Table 14, RGs for Nutrients In Four Major River Systems,

Agﬂl’lt MEC zecioai {mgfl] MECMH {mg”} FHEC I:I‘I"IQJ"H R Qcoamean Rmas
Cavite
RleTe ! 022 4 B2 10 003 | 0.5
FO.-P 024 1.26 0.4 0.e& 3
MH=-M 0.05 2.85 Mo data
Bulacan
M4-M 005 241 14 0005 0.2
PP 1.70 517 ;.4 4 2
MHy-M 107 4.14 Mo cata
Fampanga I
MiZa-M 0,13 0647 10 n.01 | .07
Pia-FP 012 04585 0.4 03 1.2
MH4-1 [FR 1441 Mo dala
Metro Manila | [
- L35 1250 | 10 004 13
Py-P £.as 7.8 | 0.4 1ie 14
-1 120 45.00 | Mougatz

Seurces for MEC, Fasg Roeer Rehpbiltaton Sacretanat (uipublizhed)
Seurces for PNEC: DAO 34, 15930, for Class © waters,

Uncertainty Analyvsis

The data used to obtain the geometric means of sll the nutrienl parameters for all
the river swstems were average values Lor each of the stations in the rivers. Sinee these
were arithunetic means, the values may have been biased toward the higher values, A
refined risk assessment should use the raw dala o gel & more decurate estimate of
eovironmental risk from nutrients.

The criteria values given in the DAO 34 for Class C waters also seemed rather
high (10 mgi] for NO5-N and 0.4 mgd Lor POL-P)Y but these were the only eriteria avatlable
for fresh water when the inival risk assessment was conducted. It would be useful to
compare these values with other nutrient erilena lor fresh water.

B DO

All maximum RQ values for BOD and DO were greater than | (Table 15). Of the
four river systems, the Metro Manila river system (Pasig River and major tributaries ) had
ihe highest BOD (RQ = 27.14) followed by the Bulacan river svstem (RQ = 17.14).
Consequently, both river systems also gave the lowest DO (MEC = 0} in the water
column.  For the computation of RQ, the zeros were replaced with 0.00, The ROy
obtained for DO were very high (RQs = 300) and suggests a need for immediate action,

Bulacan, Metro Manila and Pampanga River Systems had average DO RQs
creater than | while Cavite River System had average DO RQ that was approaching |
(ROQGeomen = D.98), For BOD, the average ROs were greater than | or Bulacan and
Metre Munila, These parameters should thus be constdered as parameters of concemn for
these systems and also for Mantla Bay since loads from the rivers considered eventually
end up in the bay.
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Table 15. RQs for BOD and DO in Four Majar River Systems,

Agﬂnt MECGuumuan [mg.‘l] MEC tmg”} FNEC |:|T|Q”} RQGrnmaan Fldiany
| Cavite -
BOD a.04 11.00 | ¥ | 04 2
Do 5.11 0.80 | 50 | 0B | G2
Bulacan o _
BOO | 16,44 120 | 7 I 3 17
[1]8] | 0.44 _0g | 5.0 l 11 | U0
Pampanga
ECD 292 25 == 0.4 4
Do 3568 03 5.0 7.4 17
Metro Manila g
EOD | 1138 T 150 00 | 7 7 [ Z7
DD | 2.78 0.01 | g0 1.8 300

Saurces lor MEC: Pagig Revar Rahabilitation Secrelufﬁt"f.ﬁpu_:l_iisl':_—'cﬁ
Sources lor PNEC: DAC 34, 1980, for Class O walars

Unecertainty Analvsis

The Monte Carle estimation was applied o the DO daa from the Cavite river
svstem sinee the average RO ebtained was close to 1. The results showed that DO has
30% probability of exceeding | (5.1, = 1.64).

The preceding analysis, however, may not provide the real scenario in the river
systems around the bay since the caleulated geometric means were all based on the
average concentrations from cach river from 1996-1998, which might have intreduced
somme bias toward higher concentrations.

TOTAL SUSPENDED S011DS (TSS)
Water column

The data for tota] suspended solids was [Tom PRRP (1999) and was waken at the
same time as the nutrient and DO data used in the preceding sections.

The highest concentration of tolal suspended solids (TSS) in Manila Hay,
cquivalent to 1,048 mg/l, was observed 1n the established monitoring station near the
Manila Port Area and Pasig River (14"36™N, 120°34°E). Using a threshold value ol 30
mg/1, the interim standard of the Department of Envirenment of’ Malaysia (MPP-EAS,
1999b), 2 maximum RQ of 21 was obtained, On the other hand, the geometric mean of
all ebservations (n=772) was 23.32 mg/l which gave an RQ of 0.5,

Suspended solids refer to organic and imorganic [ine solid particles suspended in
the seawaler and can be filtered thirough G.45 um membrane, These may be produced by
natural processes or by human activities, Biological components like the plankion and
the excretion and remaing of marine organisms contribute to suspended solids, [n Manila
Bav, suspended solids may also come from domestic sewage and industrial wastes,



agricultural and aquaculture activities, nflux of large volumes of [Teshwater with high
sedinient loads from the watersheds during the rainy scason, soil erosion with consequent
run-ofl from land directly into the bay or to its tributaries, coastal erasion due to habitat
degradation, reclamation and dredging activities, dynamite fishing, upwelling of
sediments due o wind action and movement of bouts, and deposition ol air-borne
pollutants,

Suspended solids render the water turbid and reduce lighl penctration and
visibility, a condition also associated with low dissolved oayvpen and increased anaerobic
conditions.  DBecause of the resultant high wrbidity, there is a decrease in primary
productivity and in food supply for different trophic levels, The solids also serve as a
surface on which oil and other toxic pollutants can be adsorbed,  Ewvemually, the
suspended solids may deposit on coral reels, in effect causing their suffocation and
deleroration.

Uncertainty analysis

The threshold value used was an interim value from Malavsia (MPP-EAS,
1999h), [t was not clear how this value was obtaimed and it was difficult to compare this
with other criteria since TSS critena are often not specific values but are concentrations
or pereentages above the annual or seasonul averages. In the DAG 34 (1990}, the crmeria
value for Class SC reqguires that TSS concentrations should not be 30 mgfl greater than
the annual average. In the proposed ASEAN marine water quality criteriz (Jusoh et al,,
1999}, the TS5 concentrations should not be 10 % greater than the seasonal averages,
This method of setting the TSS eriteria shows that annual or seasonal averages vary
between bodies of water and that s difficult to set a specific value. The risk quoticnt
approach, however, needs a specific threshold value o compute for ROs, To come up
with threshold values for Manila Bay using the DAO 34 and proposed ASEAN criteri,
the required annual or seasonal averages could be computed, then 30 my/l can be added
to the annual average or 10% can be added Lo the seasonal averages.

ToraL OrRGaNIC Canrpon (TOC)
Sediment

Total organic carbon in surlace sediment (line-sized fractions) collected from
coastal arcas of Manila Bay ranged from 0.40% 1o 2.84% with a geometric mean (n = 37)
of 1.28% based on a paper published by Santiago in 1997, TOC 1s denived from
anthropogenic organic pollutants and biogenic substances from marine and land-based
sources.  The study showed that %TOC on the western side of the bay, varying from
(L9895 o 1.93%, 15 more homogenous than on the eastern side, where values ranged more
considerably from 0.4% (o 2.84%.. High levels of total saturated hydrocarbens {TSH).
total aromatic hydrocarbons (TAH) and total polyeyelic aromatic hydrocarbons (TPAL)
appear o correlate with high %TOC,  Unfortunately, no PNEC value for TOC is
avallable o allow calculation of RQ.



COLIFORMS
Water column

Monthly coliform measurements from 10 stations used for swimming or bathing
at the eastern and southwestern section of the bay taken from 1996 to 1998 (PRRP, 1999)
were analyzed. The threshold values were from the DAO 34 (1990) for Class SC for
total coliform and Class SB for fecal coliform. There was no value set for fecal coliform
for Class SC.

Results of the analysis showed that geometric mean counts for total coliforms of
13,488 MPN/100 ml (n = 237) and fecal coliforms of 7,898 MPN/100 ml (n = 237) far
exceeded the respective thresholds of 5,000 (Class SC) and 200 MPN/100 ml (Class SB).
The calculated mean RQs were 3 for total coliforms and 40 for fecal coliforms. Based on
the highest MECs observed, the maximum RQ was 480 for total coliforms and 4,500 for
fecal coliforms. These RQs suggest a serious concern for human health risk.

The high bacterial load may be attributed mainly to voluminous sewage and
domestic wastes generated from households that discharge directly to the bay or to the
drainage and river systems which eventually enter the bay. Other sources include
commercial and agricultural establishments such as slaughterhouses, markets, livestock
farms, hospitals, and topsoil run-offs.

There are 4 major rivers discharging into the bay. A study on one of these rivers,
Pasig River, shows that 60% of the pollution load is contributed by domestic wastes, 35%
by industrial wastes and 5% by solid wastes and run-off. The Department of
Environment and Natural Resources—National Capital Region (DENR-NCR) reported
that the water quality of Tullahan and Parafiaque River systems is even worse than that of
Pasig.

The government formulated an Action Plan in 1993 to fast-track, among others,
the upgrading and expansion of the sewage and sewerage system of the Metropolitan
Water and Sewerage System (MWSS) which at present serves only about 10% of Metro
Manila households.

Seven of the 10 bathing stations monitored were beach resorts at the southwestern
section of the bay. It is believed that responsible agencies including local government
units should sanction the owners of resorts or bathing establishments that are not in
compliance with the criteria for bathing water quality, and close those that present a clear
risk to the public. An intensive information and education campaign should also be
conducted to inform the public of the adverse effects of bathing in these contaminated
waters.

Shellfish

The data on shellfish are limited to a few observations and represent a few sites at
the eastern section of the bay (PRRP, 1999). Based on the available data, however, the
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bacterial load in shellfish was a serious concern as well. The highest total coliform
concentration observed was 16,000,000 MPN from Bacoor, Cavite. For fecal coliforms.
the highest concentration of 800,000 was observed also in Bacoor, Cavite. Geometric
mean values observed were 56,439 MPN for total coliforms and 15,752 MPN for fecal
coliforms. There are no criteria values available for total coliform in shellfish. For fecal
coliform, using the European Union limit of 300 MPN (EEC, 1979, cited in MPP-EAS,
1999b) as criteria gave a mean RQ of 53 and a maximum RQ of 2667. These high RQ
values indicate the serious health risk posed by consumption of contaminated shellfish
from certain areas in Manila Bay. The source of these bacteria can be attributed again
mainly to untreated domestic sewage.

Uncertainty analysis

The risk assessment done on the water column was based only on data from the
eastern section, the most populated and urbanized area around the bay. The results of the
risk assessment, therefore, represent only the Metro Manila area, and cannot be
generalized for the whole bay. Data from the other areas of the bay should be gathered
for the refined risk assessment.

The data for coliform in shellfish tissue was also limited to a few sites at the eastern
section of the bay although these may be the sites where bivalves for commercial
purposes are grown and harvested. It would then be useful to ascertain if the sampling
sites are the important bivalve-growing areas although there would still be a need to
gather data taken from the other areas of the bay.

From the high RQs obtained for water and tissue data and the hazards that such
contamination levels pose on human health, risk assessment should be taken further by
gathering health data from areas around the bay to determine the extent to which human
health has already been affected by bathing in contaminated waters and more
importantly, by consumption of contaminated tissue.

PESTICIDES
Water column

Data available for aldrin, 4,4’-DDT, dieldrin, and heptachlor gave values of
0.004, 0.0005. 0.006 and 0.021 ug/l, respectively. Based on initial risk analysis using the
marine chronic criteria from the U.S. EPA water quality criteria for regulatory purposes,
the maximum RQs obtained were equal to 0.5 for DDT, 3.16 for dieldrin and 6 for
heptachlor. There were no marine chronic criteria for aldrin.

Sediment

Concentrations of 16 commonly used pesticides in surface sediment from 10
established monitoring stations (PRRP, 1999) were measured in 1996. Except for alpha-
BHC, the values observed were at or near detection limits. PNEC values from the Hong
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Kong Interim Sediment Quality Values (EVS, 1996) were available only for 4,4'-DDE
and its precursor, 4,.4°-DDT, The calculated RQs were .8 for 4,4°-DDE and 5.7 for 4.4°-
DDT, Calculation of RQ was also made for aldrin, dieldrin and heplachlor using water
quality criteria and sediment-water partition coeflicient, that estimates the equilibrium
partiioning of a chemical between the water and sediment-bound phases, to estimate the
critical sediment concentration. The RQ values for these three pesticides were all less
than 1.

Tissue

The levels of 16 commaonly used pesticides were also measured in shellfish aken
from five stations at the castern section of the bay in 1996 (PRRP, 1999). Tolerable daily
intake (TDI) wvalues were available only for aldrin, 4,4°-DDE, 4,4°-DDT, dieldnn,
endosullan |, endosulfan 2, endosulfan sullate, and endrin. RQs were caleulated {or said
pesticides using an average consumption rate of 20 g/person/day for shellfish (FNRI,
1987). For all pesticides analyzed with the exception of endosulfan sulfate, the RO was
less than 1. The RQ for endosulfan sullate was 1.22.

Concentrations of aldrin, alpha-BHC and heptachlor were also determined in {ish
(Tuazon and Ancheta, 1992). - RQs were calculated using a consumption rate of 92
gipersondday for fish (FNRI, 1987). High RQs of 24 for aldrin and 65 for heptachlor
were obtained. There was no TDI for alpha-BHC so RQ} could not be computed. These
results show that the ingestion pathway appears to pose a health risk w the consuming
public, at least for aldrin and heptachlor.

The major possible sources of pesticides in the bay are run-ofTs from agneultural
farms in the provinces of Pampanga, Cavite, Bulacan and Bataan. Other sources include
apro-based industries engaged in manufacturing pesticides in Bataan and Metro Mamila.
While not all the pesticide levels observed may be alarming at present, the results of the
imitial risk assessment signal cause for concern since pesticides can be persistent and the
cumulative, chronic effects may become apparent over time,

Uncertainty analysis

There was very limited data for pesticides in water but the RQs obtained from the
few data points suggest that this parameter should be examined more closely using
additional data.  For sediments and tissue, there was relatively adequate number of
measurements for 16 pesticides. For some pesticides in tissue, the RQs obtained were
high, The tissue data, however, came from the castern section of the bay only. For the
sediments, all the data for which threshold values were available were reported as less
than the detection limit (<0.004 mg/kg DW for 4, 4’-DDE and <0.010 mgikg DW for
4 4°-DDT). For computation purposes, however, all the data {for 4,4°-DDE and 4,4°-DDT
were replaced with 0.003% me/kg DW and 0.009 mg'kg DW. The average RQs obtained
for these pesticides in sediments were greater than one. It is, however, uncertain if these
RQs are indicating risks from these pesticides or showing the need for more sensitive
methods of detection. For other pesticides, RQs could not be computed due to lack of



threshold values. For some of the pesticides where water criteria were available,
threshold values for sediments were estimated using partition coefficients. The RQs
obtained for these pesticides were all less than the value *“1” although the suitability of
the estimated critical sediment concentrations for use as PNECs should still be verified.

Additional data for water and tissue in the other areas of the bay should, therefore,
be gathered especially near Pampanga River where there are extensive agricultural
activities. More criteria values would also be needed to compute RQs for the other
pesticides especially since the RQs presented here indicate the need for a closer
inspection of pesticide levels in Manila Bay.

TOXIC ALGAE

Harmful bloom of toxic algae (dinoflagellates) or red tide was first observed in the
Philippines in 1983 and, in Manila Bay, in 1987. The latest episode was observed in
1998. Although there are several species of dinoflagellates observed in the Bay, the
dominant toxic species is Pyrodinium bahamense var. compressum. The toxin produced
by these species is saxitoxin and neosaxitoxin which cause paralytic shellfish poisoning
(PSP). Between the period 1988 to 1999, 30 deaths out of a total of 46 deaths due to PSP
nationwide were- attributed to contaminated shellfish from the Bay. In addition, there
were 706 cases of PSP nationwide who survived, 472 of whom ingested contaminated
shellfish from the Bay. The limit imposed by the Bureau of Fisheries and Aquatic
Resources is 40 pg toxin/100 g of shellfish meat or 200 MU/100 g of shellfish meat by
live mouse bioassay.

The sources of toxic algae or the causes for its bloom have not been clearly
established.  Eutrophication, and in particular increased phosphorus, climatological
changes, and transport processes which cause the algal cysts on the surface sediment to
be resuspended into the water column, are subject of continuing studies. Models are also
being developed to aid in predicting harmful algal blooms. '

HEAVY METALS
Water Column

Concentrations of several heavy metals were measured in water samples taken
from three locations in the bay (EMB-DENR, 1991) and different river mouths (BFAR,
1995). Criteria values from several sources were available only for copper (Cu), lead
(Pb), zinc (Zn), cadmium (Cd), and silver (Ag). The marine chronic criteria of the
USEPA water quality criteria for regulatory purposes, the most conservative values, were
used. These values are very similar to the ASEAN Proposed Marine Water Quality
Criteria. There was no chronic criteria value for silver so the acute criteria value was
employed. The RQs for these metals are shown in Tables 16 and 17.
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Table 16. RQs of Heavy Metals in Manila Bay.

HEH"!‘}' Metals MECG@QH'&IH tpg”} MECuax {IIQHJ PNEC {PQ”]‘ l RQanman R, i
Cu RE 0.2 | 2.8 {.050 007 |
=P 0.6 0.8 | 586 0.1 0.1
Zn 014 043 55 0.0030 0.010
Aa 004 0.05 2.3 0.02 002 |
) Cd 0.10 0.11 | @3 0o10 0010 |
Mn 05 0.6 | - . :
Fe 0.43 1.7 - R
Co 23 24 - - | -
U 1.2 : 1.4 . . ] -

Saurcas for MEC: EMB-DENR, 1551,
Sourgos for PNEC: LS ERPA Water Quality Criteria for Regulatory Furposas

Table 17. RQs of Heavy Metals in River Mouths.

Matals {I"Ig'rt} H-'Ei”:l “-'E”J Rﬂﬂucmun RQMH fHQ”]‘ Raﬁﬁorﬂnin F{':F-'lza:-
Cu 4.9 46.5 S 0.058 0.93 2.8 1 iG
Fb 13.2 13,8 &0 0.26 025 5.6 2.4 2.4
Zn 25.0 42.5 &5 0.ay oy
AQ - 5 - ¥ - :
Cd 0.8 1.6 10 g.08 | 0.2 9.3 £.0g 047
Mn | - : . - s . -
Fe | - : = ; : - - 3
Co : : : . : s > :
H1 0.5 1.0 2 0.3 0.5 -

Sources for MEC: BFAR, 15665
Sources lor PHNEC: DAD 34, 1950 and U5, EPA Water Qually Criteria for Regulatory Furposes

For water samples taken in Manila Bay, Bacoor has the highest concentrations of
all the metals studied. Results, however, showed that all maximum RQs were far lower
than 1, the highest being 0.1 for Pb and the lowest Q010 for Zn.

For water samples taken [rom the river mouths on 2 sampling periods (Sept.-Oct.
1992 and Feb -Mar. 1993), the highest concentrations of Cu and Ph were found in Cavite,
Znand He in Pampanga, and Cd in Metro Manila. These metal concentrations are higher
than the concentrations inside the bay. Based on the available PNECs for Class C water
(Philippines), however, all the caleulated maxinum RQs were still below one, with the
highest RQ of .93 for C'u. The smallest maximum RQ of 0.2 was obtained for Cd. The
criteria used for Cu was for Class SC waler {marine water) because there was no Cu
criteria for Class C (fresh water), although eriteria values for the two classilications for
I]'I'E U[]'I'L*.r ]TH:HI]S were the sdme.

The U.S. EPA marine chronic criteria for water was also used as PNEC and the
results were average and maximum RQs greater than one for Pb (RQywg, = 2.5 RQGeamean
=2.4) and Cu (RQumu = 160 RQceomean = 1.7} although Cu 1s an cssential metal and may
not pose o significant problem.  Although the critenia values are for marine waters, the
results gave an indication of the range of RQs that would be obtained if criteria values
that differ in degree of protectiveness were used.



Uncertainty Analvsis

The RQs for heavy metals in Manila Bay waters indicate low cancern for this
parameter although limited data was used for the risk assessment. The results, theretore,
need 1o be verilied especially when maore recent data becomes available. The RQs
obtained for heavy metals in the river samples using two sets of eriteria also demonstrate
the uncertainly associated with the values used as PNECs.

Sediment

The data used in this assessment came from the PRRP Report (1999), BEAR
{(1995), EMB-DENIZ (1991), Prudente ¢t al. {1994) and Narcise and Jacinto (1997). The
criteria values used were from the Hong Kong Interim Sediment Quality Values or ISQV's
(EVS, 1996).

The RQua., (Table 18) for Cd and Cu were obtained (RQs equal to 36 and 12,
respectively) at stations near Bataan although it was only Cu that gave an RO greater than
1. Tt may be worth mentioning that the maximum MEC for Cd, measured in March 1998
wis suspected 1o be an outhier, It was lour orders of magniude greater than the {ive other
measurements done in the same location on Septemiber 1996 to March 1997 and
September 1998 (all below detection limit),  The RO obtained i1 the highest Cd
concentration is considered an outlicr and the next maximum value s used can also be
found in the table. For Cu, although the RQ,,,. was obtained from a station on the
western side (Bataan) ol the bay, elevared concentrations were also measured 1o the
eastern side, particularly in Metro Manila.

Table 18. RQs of Heavy Metals in Sediments.

Heavy Metals | MECgiomuan (MIOlKg) MEC 1. [Mg/kg) PMEC (mg/Kg) RQgecmenn R Ciraax
Cu | 76 802 65 1.2 12
Ph 17 253 73 G022 3.4
Cd 0.2 54 15 01 [ 36
Cr ) 33 455 I 0.4 £
Hg 0.0 1.2 0.28 .04 43
Zn | 112 673 200 0.6 3
Ca | .02 83 A 12

* Mext highest MEC for Cd
Sources for MEC: PRRER, 1994 BFAR, 1985, EMB-DEMR, 1997; Frudents &l al,, 1894; and MNarcise and Jacinle, 1997
Sources for PHNEC: EVS, 1605

For Hg, Pk and Cr, the RQua, were 4.3, 3.4 and 5.7, respectively, and were
calculated for samples taken near Metro Manila (near the port arca/Pasig River lor Hg
and near Bulacan River/Navotas for Pb and Cr). The mean RQ lor Hg was less than |
and less than 0.5 for Pb and Cr,

For Zn, the ROy, was 3.37 and was obtained using data taken near the mouth of
Pampanga River. The average RQ for Zn was Jess than 1.
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Two major arcas of metal contamination were identified — Bataan and Metro
Manila. Several industries, refineries and a power plant are located in Bataan (particularly
Limay) while Metro Manila is a highly urbanized and commercial/industrial area where
an international port is also located,

Unecertainty Analvsis

A preliminary uncertainty analvsis for Cr and Pb was conducted using the Monte
Carlo simulation, which randomly re-sampled pairs ol MECs and PNECs 1o get a set of
RQs. The analysis showed that there is a 26% probability that RQs will exceed one {or Cr
and a 15% probability that ROQs will exceed one for Ph.

Data from several studies were used for this risk assessment. The comparability of
these data, however, needs 1o be verified because different sample pre-treatment methods
were employed. The criteria used as PNECs were proposed for another location and their
suitability for use in Manila Bay also needs to be reviewed. Grain size is an important
[actor that influences the concentration of heavy meals in sediments and Manila Bay
sediments are fine-grained and muddy and may natrally have higher concentrations of
metals than sediments from other locations. Heavy metal data from an offshore or
relerence site that is texturally and muneralogically representative of the bay or vertical
profiles of sediments would be valuable to establish the background concentrations ol
mctals in the bay. These values may not be equivalent to threshold values but these
represent pre-contamination concentrations and would give pollution indices for the bay.

Tissue

The data on shellfish tissue were taken from the PRRP Repart (1999), BFAR
(1993) and Prudente et al. {1997) while the data on fish tissue came from EMB-DENR
(1991) and Prudente et al. (1997).

For the LOCs ar PNECs, the TDI values were taken from the MPP-EAS (19990,
which used TDI values for non-essential metals (As, Cd, Cr, He, Ni and Pb) from the
United States lFoed and Drug Administration (U.S. FDXA at bup:/fvm.cfsan.fda.gov), and
recommended daily allowances (RDA) for essential metals (Cu, Mn, Zn and Fe) rom
commercial nutritional supplements. RDAs were used because TDIs for essential metals
were nol found. 1n using the RDAs, it should be noted that an RO greater than one for an
cssential metal is less likely to cause a risk to human health than an RQ of one for 4 non-
essential metal, The same study found that the dilference between the TDL (ULS, FI2A)
and RDA for Cr was a factor of 4, The average shellfish consumption rate was 19,18
g/person/day while the average fish consumption rate was 92 g/person/day (FNRI, 1987),
obtained by taking the sum of the average consumption rates for fresh fish (69.04), dried
fish (12,05} and processed fish {10.96).

49



Fish

The contents of Cd, Cu, Pb, Mn and Hg in {ish samples purchased from fishers at
ports of Coastal Road have been investigated. The maximum RQ values of all the metals
(Table 19) were gencrally higher than one. The maximum RO values of copper (10.72
for 1-10 vr old, 2.14 for adult) were found to be the highest among the six metals studied.
Copper is an essential metal so it is believed that an RQ greater than once may not
represent as much cause for concern as for toxic metals, but a maximum RQ value greater
than ten suggests that copper levels in fish may posc a risk to buman health,

Table 19. RQs of Heavy Metals in Tissue,

MECGeumnan MECM-&A PNEC RQMD.I.
Heavy Metals (maiKg) (mg/Kg) | (mg/Kg) L RO uomnan
|_Fish -
_Cadmium 003 | 072 06 006 1.2
| Copper* | 31 466 4352173 0,72, 0.14 107,214
Lead* 0.117 0.301 | 0.070; 0.16: 0.27; 1.8; 0.72; 0.43; 4.6, 1.8, 1.1;
0.81 0.14 0.37
Manganese” 15.3 59.8 10.86; 27.16 1.41; 0.560 | 5.50: 2.20
Mercury 011 1,39 07 y 0.61 | 8.0
Zinc* 41 124 | 54.32.162.95 076, 0.25 2.28,0.76
Shellfish - '
Cadmium 04 2B 287 01 _ 0.87
Caopper* 20 _ 100 20.86; 104 28 1,0.2 N 4.80; 0.56
Lead™ 0.4 1.1 0.21;0.78;1.30; 3.91 | 1,05,0.3 1 3.5 1.4;0.84;
0.28
Zinc* 361 4000 | 260.69, 782.06 136,05 — |15.34;5.11
| Silver 1 18 |

Sources for MEC: PREREF, 1998, EMB-CENR, 1591, BFAR, 1985 and Prudente & al | 1987

Sources lor PNEC, Fish consumglion rale (32 gfpersonfday) and shelllish consumplon rate (1918 gfpersoniday) used for
all the age groups were e average for the population (FRRI 1957). The tolerable caily inlakes
(TDs) of the metals wera taken from the LS. FDA (Appandix 4} TCIs were givided by the fish
consumption rate la got he levels of congen or FHECs.

*Far FMEC, Rueraan @nd Rl [1-10 yrs Ol Adulf)
** For PHEC, RQGummear, a0d Ry, (D4 yrs. O, 7 —Aduls; Pregnant, Adull)

Shellfish

The contents of Cd, Cu, Pb and Zn in shellfish somples (mussels and oysters)
from Manila Bay and the mouth of the Pasig River were also investigated.  The
maximum RQ (Table 19) value of zinc (15.34 for 1-10 yr old, 5,11 for adult) was found
to be the highest among the four metals studied. Zinc is also an essential metal, so less
impaortance is attached to RQ values greater than one, but an RQ value greater than ten
represents a cause for concern. A high RQ value of 3.52 was cbtained for lead in
children (0.84 for pregnant women, 1.4] for 7 yr old — adults) and this suggests that lead
in shellfish may pose a significant risk o human health. RQ for Ag was not calculated
due to a lack of PNEC.

[n the calculation of the RQ walues given in Table 19, an average fish
consumption rate of 92 g/personiday was used for all the age groups in the population.
On the other hand, results of a survey of seafood consumption rates in the USA indicate



that adults consume 2 = 3 times as much shelllish per dayv as 2-5 vear olds. Applying this
to seafood in general and assuming that such an age-specilic difference in seafoad
consumption rate is upplicable to the Philippines, maximum RQs for children io relation
to various metal contaminants in seafood collected Jrom Manila Bay are caleulared and
given in Table 20,

Table 20, Maximum RQ of Heavy Metals in
Tissue for Children.

| Heawvy Metals RQu for children*
Fish

Copper 5.38

 Lead ] = |
Zing 1.14
Manganese 275

i Shellfish )

Coppear 240
Lead 1.76
Zinc | 7T

sAssuming that aculls censume 2 tmes as much seafood as
#-5 yearold children.

Uncertainty Analysis

In determining risks o human health from heavy metals in seatood tissue from
Manila Bay, shellfish tissue would be a better representative sample than fish tissue. The
fish samples used in the analysis were collected from the market and it would be difficuh
to establish iF the uptake of heavymetals vecurred in Manila Bay.

Another possible source of uncertainty was the use of local average consumption
rates in getting the RQs for different age groups. Local consumplion rates for different
age groups and, 1Cavailable, separate consumption rates for coastal population, should be
used. There was alse uncertainty in using the sum of average consumption rates for [resh
fish, dried fish and canned fish as average local fish consumption rie because the dried
and canned fish consumed by people around the bay do not come exclusively from
Manila Bay. Even the fresh fish supply does not all come from the bay.

Uncertainty is also associated with the use of RDAs nstead of TDIs {or essential
metals, This uncertainty should be reduced when infurmauon regarding the toxic cffects
of these metals m humans becomes available. Even the TDIs need 1o be reviewed since
values vary considerably between countries.



Sources

The heavy metals in Manila Bay may come from a variety of sources that range
from land-based sources (domestic sewage, run-off, industrial cffluents, combustion
emissions, mining operation and metallurgical activities) w sea-based sources (port and
nuiritime achivities).

Altheugh the heavy metal concentrations in waler inside the bay are low and
cause no concern, the higher cencentrations in the river mouths may show that land-based
activities along the river may be contributing significantly to heavy metal load o Manila
Bay.

The heavy metal load in the bay is better manifested in the high concentrations m
sediments. Heavy metals may be removed from the water column through adsorption
and coagulanon processes and the ultimate sink 15 the bottom sediment. A clear
illustration of this would be a vertical profile of sediment concentrations showing pre-
contamination concentrations and the increase in concentrations over tme,

Heavy metals in the water may also be taken in by organisms in the bay through
bioaccumulation,  Some metals are essential to arganisms, some are metaboelized and
excreted or retained in tissues in less harmful forms, and some are non-cssential, but even
the essential metals, when uptake or ingestion rate is faster than the rate that these can be
processed could be bieconcentrated and become harmiul o orgamsms. The accumulated
metals, pacticularly those that undergo biomagnilication, could also pose potential risks
to human health through consumption of contaminated seafood.

Identification of sources of heavy metals entering the bay and quantification ol
the relative contribution of different sources would need data like metal concentrations in
the various sources ol nputs (rvers, discharge pipes, outlalls, run-ofl” and ships).
velumes of inputs, and the partitioning of metals between the dissolved and solid phase
and subsequent deposition to the battom of the bay,

POLYCYCLIC AROMATIC HYDROCARBON (PALLS)
sediment

The data used in Table 21 came from two sources: the study by Santiago {1997)
and the PRRP Report (1999). The data in Santiago (1997) was measured from 19
stations at the western section and 16 stations at the eastern section of the bay in 1996,
The PRRP (1999) data were taken from 10 stations across the bay in March and October
1996, The assessment considered only total PAH (TPAH) and the carcinogenic PAHs.
The erteria values used were taken trom the Hong Kong Interim Sediment Quality
Values (EVS, [1996).

ihn
]



Table 21. PAHs In Sediments from Manila Bay.

F .ﬁ.genl [FAHSJ I MECEeomaan {UQIQJ MECM": IUQIrEJ} PHEC {Ug"lg:' Rﬂ-’ﬁeﬂmaan R,

| Santiago {1987) ]

Benzofa) Pyrens 0.0 011 0.42 | 003 0.25
Chrysene o am 0.12 0.384 | 0.02 .30
Dibenzalah) 0.002 0.01 00634 0.03 016
Anthracens -

| Total PAR" 0.71 CTA8 4 DEd 0.4l 172
PRREF (1999} -

Benza(a) Pyrene 002 0.c2 0.43 Qas | 005
Chrysang .02 — 02 | 0384 0.06 0.52
Dibenzofa, h) 0.0z D.064 0.0634 ' 0.4 1.0
Anthracens J.._.__.__, .
! Mext highast MEC o
- TPaH {(summation af 18 individual PAH)

Sources of MEC, Santiaga, 1897 and PRRP, 15560
Sources of PNEC: EVS, 1656,

The initial risk assessment of total PAH (TPAH) and carcinogenic PAls {n = 35)
fram Santiago (1997) indicated intermediate risk (RQ = 1.78) for TPAH and acceptable
risk (RQs < 1) for the carcinogenic PAHs. This study, however, showed that PAH levels
in the eastern arca, a more commercialized and urbanized area, were higher than the
levels in the western side, pointing 1o the influence of human activities on PAH
distribution, The other study (PRRP, 1999 showed two stations m the bay where an RO
of 1.0 and 0.82 were obtained for the carcinogenic PAH dibenzo(a,h) anthracenc,

These results show the need for periodic monitaring to keep track ol possible
mereasing trends. PAMs can persist in the marine environment and have been shown o
exhibit toxicity and cause tumor and reproductive problems W various marine organisms,
Consumption of aguatic organisms contanumated with PAHs could also potentially cause
caneer to humans.

Santiago (1997) identfied the PAHs in Manila Bay sediments as coming {rom
petrogenic and pyrolvtic sources, Petrogenic PAHs may come [rom oil discharges from
ships, refineries and industrics and pyrolytic PAHs are derived from combustion
processes. These enter the bay through rivers, discharge pipes, outfalls, surface run-oft’
and, to & lesser extent, atmospherice deposition.

OIL & GREASE
Woater Column

Gil and grease comprise very complex mixtures of thousands of organic
compounds with different behaviors and hence different possible effects on marine lile
and, ultimately, on human health. Once released into the environment, all of these
compoeunds are subject to continuous and varable change due 1o biological degradation,
photo oxidation, and other processes.

in
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The oil und grease concentrations jn waler were recorded in 13 different sites in
Manila Bay in 1985, 1992 and 1993 (BFAR. 1993). Records showed that there 1s no
significant increase of oil and grease concentration over the period indicated. The eriteria
vilue used as PNEC was taken from the DAG 34 (1990 for Class SC waters. Note that
this value was reported for the organic fraction extract.  Some oil and grease
measurements are reported using the water-soluble (raction and should be used with the
suitable criteria.

The worst case was measured in a sample ken rom Amo, Mariveles in Bataan,
The maximum concentration reached as high as 16,55 mz/] and 1he maximum RO was
5.5 (Table 22). These observations may be explained by the presence of oil refinerics in
nearby coastal areas in Mariveles and Limay, Bataan, Mean RO was however computed
to be low at 0.466 with mean vil and grease concentration in water at .40 mg/l.

Table 22. Oil and Grease in Water (PNEC = 3 mg/l).

MECs Concentration {mgfl) RQ

| Maximum 16.55 E
Airimiurm .01 £.003
Guegmean 140 a

Sources lor MEC. BFAR, 19495
Sourcas for PREC: DAG 34,1997 for Class SC walers,

Most ol the statiens also exceeded the allowance level of 3.0 ppm at least ance
during the duration of the study.

[t should be noted that there 1s large vanability in availlable criueal water
concentrations for ail and grease. MPP-EAS (1999h) presents critical values from various
studies ranging from 0.0001 mg/l to 7 mg/l. This has important nnplications on the risk
assessiment results and should be considered in more detatl in future assessments.

FFor the marine environment on a global seale, the primary imputs of ol are
believed o vecur [rom land-based sources, in particular refineries, municipal wastes and
urban runoff (GESAMP, 1993, cited in MPP-EAS, 1999b). Seca-based sources, like ships
and motorized boats, are also contributors, with the level of contribution between land
and sea-based sources varying depending on the circumstances of the site. Tor Manila
Bay, a simple madel may be developed to determine the likely contribution [rom these
WO Sources.

Uncertainty Analysis

The ROQeomen obtained indicates that the levels of oil and grease i the bay were
low but the RQy,. shows that in specific locations, oil and prease levels mav exceed the
threshold walue, although the RQy, still seemed compatible with the amounts of ol
and grease that are visually abserved o1 near-share areas especially near the port. Chl that
enters the marine environment may be broken down by wave action and dispersed. It
may also undergo degradation processes depending on its reaction with sunlight, oxygen,



walter and organisms, Qil and grease in offshore locations in the bay may not be elevited
but measurements in near-shore arcas especially near ports, refineries and industries may
be higher and should be further assessed.

There was no available data on the differcnt organic constituents of o1l and prease
i Manila Bay, The complex mixtwre of organic compounds in oil and grease may have
different adverse effects on marine life particularly shelllisheries and benthic organisms,
Identification of these various organic constituents will enable the determinanon of
ceotoxicological risks that these present to the ecosystem.

In terms of the PNECs, the arder of magnitude differences i eritical values from
various sources suggest that more consideration and care should be given 1o the choice of
eriteria value for oil and prease.

OIL SPILLs

Table 23 shows both spills from ships and industries from 1990 10 1995 and 194949,
Data for 1996 10 1998 were not available when the risk assessment was conducted.
These may be accidental discharges.  Other oil spill incidents may be unrecorded,
espectally the regular low-volume discharges.

The volumes of o1l discharged to the bay in the recorded ol spill ineidents (Table
23) were reported in different units (hiters, barrels, drums, tonnes) so the units were
converted o hters (assumption: oil density — 0.90 g/1) for comparability. For the spills
reported in drum units, conversion was not done because the sizes of drums were
variable. The velume ot other recorded spills were undetermined.

An il spill is considered o lurge spill when the volume of oil discharped is greater
than 1,500 metric tons (MT). The highest volume of ol spilled in the bay was 747 MT
and falls under small spills, Three of the four spills where the volumes of oil discharged
were highest were from ships.

The frequencies of oil spull incidents per year are shown in Figure 5. The highest
frequency of oil spill meident (127 was in 1995 Figure 6, on the other hand, shows that
the highest total valume of il spilled in the bay was from the two ol spills in 1999,
These incidents occurred in the Manila South LHarbor and Limay, Bataan. Table 22 shows
that the frequency ol wil spill oceurrences was highest m Metro Mamla with 19 incidents
recorded. followed by Bataan with § maidents, and Cavite and Rizal with one ncident
cach.

The high frequency ol ol spills in Metro Manila area can be due to the large
number ol ships and activitics at the North and South Harbors, the presence of an wil
terminal, and discharges from industries located along the rivers, Oil spills in Bataan can
be due primarily to shipping activites and discharges from industries along the couast.

n
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Data on the number of ships entering Manila Bay were not on hand when the
asscssiment was made,  Hence, the relationship between the number of oil spills {rom
ships and the number of shups in the bay was not obtained.

Figure 5. Frequency of cil spill cccurrences in Manila Bay from 1920-1999.
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Figure 6, Volume of oil spilled in Manila Bay from 1990.99,
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Table 232. List of Qil Spill Incidents in the Manila Bay Area in the 1390s.

Quantity |
Saurce Date il Product Spilled Area Affected Reported | Converted to |
L fassume |
B density=0.9}
MT Fernando J-1 | 24-Jan80 | Industrial fuel ol Lamao, Limay. Balaan| 200000L | 200000
bW Al Taludi 2ehug-09 | Bunkercil Manila W drums
Bataan Refinery Corp)| 22-Oct-80 | Bunker wil Limay Balaan & barrels | 1667
My Carlota | 8-Mar-91 Qiily water Mariveles, Bataan | S5dmums |
MT Iy E-fpr-a1 Industrial fuel il Lamacg Limay Batzan) 20 barrels | GEET
_ MT Nazal-l 20-Diac-81 Auto dieseloil | Pier 8 Manila | 10500 L 10500
Sea 0l Pelroleum 2-Sep-82 Bunker oil IManila | 2drums
Corp. |
| MT Bacolod City | 22-5ep-92 Bunker gil Manila 1001 100
| FNOC/IPSTC B-Oec-S2 Bunker oil FPandacan, Manila 2 drums
Undeterminad Feb-93 Bunker oil Brgy. Manna, A
sources Mariveles. Bataan —— )
MT Calumpit 19-Apr-23 Lube il Pelran Terminal, 20 drums
Fandacan, Manila
WY Nekkei Challenge| 19-Jul-93 Grain chaff South Harbor, Manila U A |
Phil ¥inyl Cansorlium | 17-Mar-94 Rosarig, Cavite | U A
PERC 15-Apr84 Bunkeroll Limay, Bataan 2 drums
Petre Queen B-Aug-54 | Bunker ail bamla Bay 670 barrels 223333
Discavery Indusirial | 13-Aug-94 Bunker ol Pasig River G600 L I| 00
Corp,
Allied Thread Ce. | 11-Jan-25 Bunker ail | Marikina River | 400L 40 !
Rackwell Thermal 17-Jan-85 Bunker fusl Pasig River 63000 L G3000 |
Flant !
MT Aginis (BBCI} | 20-Jan-85 = Filila, Rizal U.A, .
Republc Asahi Glass| 2-Mar-935 Bunkerfuc cil Finagbuhalan, Fasig | 10Lor 2 10
Cily drums
Puyat Stecl Corp 3-Mar-85 Bunkerugl cil Fasig River, Sl TOL S0 1o 70
tandaluyeng Cily i
Pacilic Glass Preduct| 15-Mar-95 Eunker ol San Juan Hiver 1400 Lar ¥ 1400
FISCOR 20-Mar-85 Ciesel ol tanggzhan, Pasig 20L 20
Cily
MT Pandt 12-May-95 | Industrial fuel cil Limay, Balaan S00L | L0o
Fesin Carp 15-Jul-85 Industrial fuel cil Pasig City I 3oonL SO0
Warner Lambart Corp| 21-Jul-65 | Industrial fuel cil Pasig Cily 2000 L 2000
BN Wilcon % 22-50p-95 [FvEunker oil Fier 18, Manila Z lons ar 2000 |
2000 L .
Integral Chemical | 14-0ct-85 Diesel ol Mandaluyong 100 L 101
Carp
MT Sea Brothers | | 18-Mar-99 Burker oil South Harkar, Manila | 420 tonnes 45E680
MT Mary Anne 1-Jun-54 Limay, Bataan 747 wnnes 820041

Source: PCG as cited in EMB-DENR, 1988, PGG, pars. comm., 1or 19595 cata.
. LL&. = Undelermined Amount



Comparative Risk and Uncertainty Assessment
INTRODUCTION

Comparative risk assessments for the range ot agents considered of potennial
concern for Manila Bay have been carried out separately for water column. sediment. and
sealvod tssue. The results of these analyses are summarized in Tables 24 - 29, An mitial
indication of uncertamnty in the risk assessments is provided by comparing differences
between average and worst-case (i.e., maximum MECs) conditions. In addition. the
comparative risk assessments haghlight data gaps, both in teems of a lack of MLECs and in
terins of a lack of crnena.

For all targets, average and maximum MECs for the range ot agents are shown.
Average MECs were caleulated as geometric means since data of this kind efien follow a
lognarmal distribution, and in such cases the geametric mean will provide a less biased
micasure of the average than will the arithmetic mean. For each contaminant, the eriteria
used for caleulanng the risk quotients are shown m column 4 ol Tables 9.1, 9.3, and 9.5,
These criteria were chosen from those provided in Appendix 4. The [ast two columns of
these tables provide average and maximum risk quotients.

COMPARATIVE ASSESSMENT OF RISKS TO THE ECOLOGY OF MANILA BAY FROM
WATER-BORNE SUBSTANCES

From Tuble 24 0t as clear that ol all contaminants lTor which waler column duta
were available omly POy and coliforms (both tatal and fecal) bave average RQs exceeding
the eritical threshold of one. owever, in addition to these two contaminants. WOs, N1,
DO, oil and grease, TSS, dicldrin and heptachlor have maximum RQs thal exeeed [
There were no MECs available for water columin concentrations of BGD, COD, PAHs,
ather pesticides, other organics, or toxic algae. No criteria were availzble for several of
the hewvy metals for which MECs were available (i.e., Mo, Fe, Co, L.

Table 253 compares the range of RQs (from average o maximum) across
contanmmants in order of magnitude bands of RO From this table 1t is elear that, for the
waler eolumn, risks Lo the ecosystem of Manila Bay associated with TGy and coliforms
are priority concerns, For NO;, NH;, DO, oil and grease, TSS, dicldrin and heptachlor,
the maximum ROs exceeding ane indicate localized risks from potential hot spots,



Table 24, Initial Risk Assessment Summary for Water,

! {

i Agent [ | S — BAE Criga FHEC Rz asmear K.
NO2-N {migiL) 0.027 0387 [ 0.08 T G

| POL-P (mgi] 0,029 0714 | 0.0049 54 146

|N|-|3-M mail) 0.003 0778 0.47 0.04 11
BOD " No Dala | |
Can MNa Qatz
23 (mgil) 578 1.0 {min) 50 0.87 g0
il and Grease 1395 [ 16,83 2 0.5 G

| frmgL} !

rAetals (pgiLy | '
Copper 0.1 0.2 28 0.05 007

[ Leac 06 na (56 ICE 0.1
Zine ' 0.14 0al 55 0.003C 0.010
Sikeer T p0a 0.05 oq 0oz 002
Cadmium 0.10 01 9.3 0.010 0,010

" Manganese 0.5 0.8 Mo cala |

| lren 043 1F ~ | Nogata

| Cabait ' | 23 24 Mo data

| Uranium 1.2 1.4 Mo dala

PAHs No Cata I

| Other organics No Daa
Tatal Goliiorm 13.488 2,400 000 5,000 BT S50
(MPNARE m1)

| Fecal Calilarm 7,308 Q00,000 200 ach 4500

| {MPNAOD mi)

TS5 (mgiL) 2332 1045 50 0.47 21

| Pesticides {pgi} - i

| Aldrin [ 00040 Mo dala

| 4.4 DDT ' 00005 | 0007 | BEE

| Cueldrin [} A X E] 316
Heptachlor 0.0210 00035 g

| Taxic Algae | Mo data |

ol



Table 25. Comparative Risk Assessment for Water,

Agenl

RO

<1

1-10

10-101

100-1,000

=1,000

NOs {mgiL)

Fy (mall)

NH, (mgiL)

Els]u

I Mo MECS

coD

Mo MECs

DO (mail)

il and Grease

(mail)

|

Metals (magil)

Copper

Lead

Zinc

Silver

Cadmium

-

MManganesea

Mo FMEC

Iran
Coball

No PNEC
No PHEC

ranium
FPAHs

Mo PMEC
Mo MECs

_Qtner p_rganics
Tatal Caliform
(MPMA00 mi)

No_ MEC_S

Fecal Coliform
{MPRA0D mi)

_4500

TSS (mo/L)

Pasticides

Aldrin

Mo PMEC

44-00T7

Dieldrin

_ [Hepachlor

Taoxic Algae

| Mo MECs

Gl




COMPARATIVE ASSESSMENT OF RISKS TO THE ECOLOGY OF MANILA BAY FROM
SEDIMENT-BORNE SUBSTANCES

From Table 26 1t is clear that ol all contamimants for which sediment data were
avatlable, Cu, DDT and its metabolite DDE have average RQs exceeding the eritical
threshold of one, However, i addition o these contaminants, Cd, Ph. Cr, Zn, Hg, Ni,
dibenzofa.h) anthracene and total PAIL have maximum RQs thit exceed one. O1l and
grease are generally not measured in sediment, and there were also no MECs available
for sediment concentrations of other organics and few MECs for most of the pesticides.
Criteria values were lacking for several of the heavy metals, particularly Mn, Fe, Co, Mo.
and U, as well as tor most of the pesticides, TOC and oxic alpae,

Table 27 compares the range of ROs (from sverage 1o maximuni) across
sediment-associated contaminants in order of magnitwde bands of RQ. From this table it
15 clear that, lor sediment, risks to the ecology of Manila Bay associated with heavy
metals, and in particular, Cu, are priority concerns.  For Cd, Pb, Cr. Zn, llg. Ni.
dibenzof{ah) anthracene and wotal PAH, the maximum RQs excecding one indicate
localized risks at possible hot spot areas.

62



Table 26. Initial Risk Assessment Summary for Sediment.

ﬁ-gﬂﬂt MEC ceamoan MECMB: FMEC | HQGﬂQmuaﬁ RQHM i
Oil and Grease Mo Oata
Metals imglkg) |
Capper 76 | 802 ES 1.2 12
Lead 17 | 253 75 07z IR
Cadmium | B2 | 54 | 1.5 1.1 3G
" Chromium aj 450 | 80 0. | &
Zing 112 673 200 06 I
Iran 2E438.7 151100 Mo dala |
| Manganaese 7230 2062 Mo data |
MWercury 0o 12 0.28 0.04 43 |
Silver 06 | 0.8 1.0 | 0.6 0.8 |
Coball | 12 | 28 MNo dala |
Mioke| 18 | 88 40 0.44 22
Melybdenum 4 4 Ma data
Uraniym .64 1:2 Mo dala
Carcinogenic
PAHs
[Hakg)
Benzolajpyrene IR . 0,11 0.3 003 0.28
Chrysene 0.c1 0.12 0 3E4 0.02 0.3a
Dibenzo(a,h} 0.002 0.064 | 00634 0.03 10
anlfracens
TolalPAH | 0713 7178 | 4022 | (432 | 1.784
Other organics No Data i | .
Pesticides (pgig) | _ |
Aldnin 0.0018 1.3672° [ 0.011 I
Alpha-BHC 0008 000180 Mo dala
tela-BHC 00015 Mo dala |
Delta-BHC | 0.0012 No data |
Gamma-BHC 0.0019 | Nodate I
4.4-00 0.0080 Mo data i B
4.4-D0E {.0032 n.og22 1.8
4.4-007 0.0090 0.0016 5.7
Dieldrin | 0.0039 (.56 0.006
Enduosulian | 0.003se Mo Data
Endosulfan Il 0.0039 | No Data
Endosullan 0.0090 Mo Dala
Sulphate
Endrin 0.0029 Ho Dala
_Heptachior L Boo1d 0.068" 03
Heptachlor Epoxide | 0.0019
| Methoxychior | 0.00%0 =
TOC %) 1.28 | 284 MNa dala
Towic Algas 8T 434 Ma dala
Bloom {cysts!ml
wizl sedimant}

' PNEC was estimated gsing waler guality conena ang seciment-waler paninoen coeflicion,
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Table 27, Comparative Risk Assessment for Sediment,

RO
Agont <1 L 10100 | 100-1,000  >1,000
| Qil and Grease Mo MECs )
Metals mgikg
| Copper )
Lead :
CCadmium v :
Chromwm : |
2ine ll_I |
Iren | Ho PNEC
Manganesa | o FHNEC
farcury
Silver —_— | e
_Cobalt Mo PNEC
Micke|
Melybdenum Mo PHEC |
LIramum Mo PHEC |
Carcinogenic [
PAHs {uglkg) '
Banzolaloyvrene —_ =
| Chrysene - |
Cibenzolah) |
anthraceng
Tolal PAH -
Other arganics Mo MECs
Pesticides {uglg] |
Aldrn . i
alpha-BHC Mo FHNEC
Eata-BHC Mo PHEC B
delta-GHC Mo PHEC
Gamma-BHC MNo PHEC -
[ 4.2.CD Mo PNEC |
[2 &-DDE e
| 4.4-0DT ® )
Dielcrin -
| Encosulfan | Mo PMNEC I
Endosulfan || M PMNED |
Endosulfan Mo PNEC
Sulphate
Endrin Mo PMNELC
Heptachlar - =
Heplachlor Epoxide Mo FMEC
| Methoxvehlar Mo FHNEC

fi-4




COMPARATIVE ASSESSMENT OF RISKS TO HUMAN HEALTI

From Table 28, it is clear that contanunatnon of scalood with fecal coliforms is
extremely lugh, both under average and worst-case conditions. In addition, ol the other
contaminants lor which seafood lissue data were availuble Cu, Pb, Mn, Zn (particular]y in
younger age groups of consumers), aldrin and heptachlor have average ROQs exceeding
the eritical threshold of one. All of the metals have maxmmum RQs that exceed one. as
does endosulfan sulfate. Oil and grease are generally not measured in seafood, and there
were also no MECs available for tissue concentrations of PAH. other organics or wxic
algac. Criteria values were lacking for Ag, as well as for wotal califorms, toxic algae, and
for many of the pesucides,

Tuble 29 compares the runge of RQs (from average w maxiowum) for
contaminants contained n sealood in order of magnitude bands of RQ. For the heavy
metals, the lower limit represents the average RQ for the least sensitive age group
(adulis) and the higher limit represents the maximum R for the most sensitive age group
(children).  From tns table, it is clear that the risk to human health arising from
consumption of scafood contanunated with fecal colilorms is serious, Average RQ i3
cqual to 33 and the maximum RQ exceeded 1.000. Other agents ol concern for humin
health are some of the beavy metals, particularly Cu, Zn, Hg, Pb and Mn. Cu, Zn and Mn
are essential metals, so RQs in excess of one are probably less serious than for the non-
essential mictals.  For Cu and Zn, however. maximum ROQs were greater than 10,
signaling potential risks, Of the pesticides, aldrin and heptachlor both signaled cause [or
concern with ROs exceeding 10,



Table 2B. Initial Risk Assessment Summary for Human Health,

Agent MECgzaamasn MEC s PNEC RQgwomenn RQya,
Ol and Grease Mo Data | il
Metals (mg/kg) .
Fish;
Cacmivm 0.03 0,72 0.6 .06 12
Copper® B 46 6 435, 2173 0.72:0.14 107214
Lead** 0.117 0,301 Q.070; 0.16; 0.27, 1.8, 0.72; 4618
0.51 ) 043014 11037
Manganoese" 4| 598 10,66, 27.16 1.41; 0.560 550;2.20
Mercury o 1139 017 0.67 8.0
Zinc* 41 124 a4 32; 162.95 0.76; (.25 228, 0,760
Shellfish:
Cadmium 1.4 245 2.87 1 D&Y
Cooper 20 100 20.86; 104.28 1.02 &B0, 006
Lead* 04 1.1 031078, 130:391 [ 1.27:041 3514,
0.21:40.10 0.84,0.28
Zinc” 361 4000 FB0LGY; 782 06 1.38: 046 158 & |
Silver 0.c8 15 Mo dala
FaHs | Mo Data
FCBs (morkg) 0.05 0.05 14 007 007 |
Other organics No Dala i 0
Total Colitorm 56,430 16 % 10" Ma dala ' |
(MPN) '
Fecal Caliform 15 TR BO0 000 300 33 2667
(MEM)
Pesticides (uglg)
Shellfish:
Aldrin 0.00ES9 00900 (.24 - 0oOET 0038
Alpha-BHC 0.00659 0.00500 Mo data i |
Beta-BHC 000659 0.00800 | Nodata
delta-BHC 0.o0iEeY 000900 Mo data _] )
Gamma-EHC 0.02115 0.07100 Mo data |
4.4-00 0GESE00 _ Mo data N
4 4'-0D0DE G007 56 0.07900 4.0 (30C2 | 0005
4.4-DDT QOBZE3 | 0.BA0D00 |40 | ooz0 [ 0.7
Dieldrin £.01500 0.24 1.074
Endosulfan | 003863 | 017600 | 024 015 0.74
Endosulfan Il G027 0d 0.06800 (.24 01 028
Endnsullan R 0.20600 0.24 (.42 1.2
Sulphate
Endrin | 0.05747 018200 0.24 .24 0.63
Heptachlcr 002255 008700 Mo data
Heptacnlor 001535 0.13000 Mo data
Epaxide
Methaxychicr 0.05300 No dala ]
Fish: ] o |
Algrin 1.20 0.05 [ 24 |
Alpha-BHC 411 ) Mo data | |
Heptachlor B85 | 0.05 |55
Toxic algae bloom | Mo dala | 40ug/100 g shelfish | o
meat or 200 MU 00
g shellfish man ' ‘

*For PNEC, RQzrmsr, RQua! (110 yrs OId; ACull)
" For FNEC, RiGcuman RO, (08 yrs, Ola; 7 —aAdulls: Fregnant. Adullh

Mele:  The fish consurmtion rate (92 g/persontday) and shellfish consumption rale {20 g/persondday) used for all the age
proups was he avergge far the population

a0



Tahkle 29, Comparative Risk Assessment for Human Health.
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Conclusions, Data Gaps and Uncertainties
RETROSPECTIVE RISK ASSESSMENT

For lisheries and shellfisheries, the retrospective rvisk assessment particularly
draws attention to overfishing/overcollection as being the important agent in the decline
of these resources.  Other factors like pollution and destruction of habitats have also
contributed o the dechine,

There 15 a need to determine the extent and leve]l of overfishing for these
pacticular resources by comparing actual vield with the maximum sustainable vield,
Cost-benelit analysis of lishing activities in the bay can be done through the maximum
efficiency vield which compares the aggregate and marginal costs of fishing with the
aggregate and marginal benefits, The suitability of using the MSY for asscssing fisheries
exploitation in the bay should also be further evaluated. Other approaches i determining
the extent of fisheries exploitation like the dyvpamic MEY and depreciation values should
be considered as well, Dyvnamic MLEY uses a discounting factor to take mte account
changes 1 values across time, e, the state where the present value of marginal cost
equals the present value of marginal benefits, Depreciation value indicates that the rate
of change in the asset value of the stock is negative,

For shellfisheries, more inlormabion s reguired in making & clear distinction
between dechne in shelllisheries from culure farms and from the wild, and in attributing
causes of decline. Further work also needs to be done to distinguish the contribution of
low market demand due to red tide to the decline in production values, In addition, for
shellfisheries, given the observed coliform contamination in the tssues, immediate
actions are deemed necessary. The disappearance and/or near absence of other species,
like the greater lizard [sh (Saweida tumbil), locally known as kaluso, and the
windowpane oyster (Plectuna placenra), locally known as kapis, should also be mitigated.

There is evidence for a delinite decline in the abundanee and biomass ol benthic
fauna with a shift in community structure from a hivalve-domimated toward a polychaete-
dominaled system, The svstematic approach of the inital risk assessment confirms the
view that oxygen depletion is likely 1o be the major contributory couse,  Other factors
might also be implicated, but those for which exposure data are available appear o he
unimportanl.  There is nevertheless the possibility that substances for which no
measurcments are currently available could be contributing to declines in the benthos,
ez, contmminants, such as substances used in antifouling paints on ships. fishing gear
and in aguaculture.

Olien, emphasis 15 placed on phytoplankton as indicators of ecological problems
(e.g. conditions leading to toxic blooms or as signals of cutrophication). Phytoplankton,
however, are also clearly an important resource for supporling higher trophic levels in the
bay, The retrospective nisk assessment should therefore be m terms of beth risks from
and risks to this resource.  The retrospective analysis undertaken also indicates that
several of the agents might have adverse effects on phytoplankton abundance and
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community structure, and this may have an impact on primary production with knock-on
elfects for fisheries and benthos,  An increasing trend, however, has been observed in
chlorophyll-a measurements, indicating low risk lor phytoplankton with respect 1o
prunary productivity.

Consideration of risks [tom toxic blooms is discussed m the prospective nisk
assessment. The prospective risk assessment alse indicates that nutrient levels are such
as o canse general blooms. Such blooms will have consequences for oxvgen levels with
implications for fisheries and benthos.

The mangrove areas within Manila Bay have obviously declined over the past
decades.  The retrospective risk assessment mmplicates a combination of factors with
physical removal for reclamation, land conversion, and collection as being primary
agents. Chemical contamination and physical disruption of the habitat by sedimentation
and solid wastes might also be contributing fuctors. Another factor that contributed to the
decline in mangroves in certain areas is pest infestation, which may be one manifestation
ol an ccosystem under stress, allowing pests w thrive.

For coral reels, comparative historieal information is sparse 10 assess the extent off
decline, but unpublished nccounts and the current poor state of the reefs indicate that
there might have been a decline.  Physical destruction from cellection activities and
improper {ishing practices as well as smotherning of the corals from coastal sihiation might
have been the leading causes for the decline. The levels of some chemical contaminants
in the water column and sediments might have been contributory factors.

For seagrasses and seaweeds, there is uncertainty about the extent of decline of
these resources within Muanila Bay since comparative lustorical information is sparsce,
The retrospective risk assessinents nevertheless suggest that impacts are possible from
various factors such as sedimentation, pollution, and destructive fishing practices.

For mudllats, sand {lats, beach arcas and rocky shores, retraspective risk
assessment could not be carried out due to lack of available information.

PROSPECTIVE RISK ASSESSMENT

The analysis shows that for human health, the mujor risks both from bathing and
[rom seafood consumption arise from bacterial sewage contammation.  Additional risks
associated with consumption ol scafeod contaminated with some heavy metals and
certain pesticides also signal cause [or concern.

From an ecological point of view the highest RQ values were obtained for
nutrients, especially phosphate, in the water column and copper in the sediments. RQs
for dissolved oxygen in the water column were in a lower band, but note should be taken
here of the fact that the RQ range for DO cannot go beyond a certain limit. The impact of
DO is likely to be of an acute form, which will depend upon exposure times.  Thus
anoxic conditions over short periods may have considerable impact on fauna, particularly



benthic animals. Levels of TSS, oil and grease and certain pesticides in the water column
and Cd, Cr, llg, Zn, Pb, Ni, some pesticides, total PAH and dibenzo (a.h) anthracene in
the sediments were also above eritical values in some areas.

The initial risk assessment suggests thal metals 1o the water column and PCBs in
shellfish tissue are associated with low/accepiable nsk although results for heavy metals
need 1o be verified. There are very few studies on heavy metals in seawater and no new
data may be available, so monitoring for heavy metals in seawater may be necessary,

DaTa GAars

Retrospective risk assessment was nat carried out for some resourees and habitats
due to lack of comparative information, The initial risk assessment also identified other
data that would be necessary as starting pomits for [shenes/shellfshertes management in
the bay.

1} For economically important resources such as [1sh and shellfish, there 1s a need o
acquire survey data, preferably from more recent surveys.  Production data,
preferably on a per species classification, including corresponding economic
information, ie. market and non-market values, would be necessary [or the
development of a model describing fish and shellfish population dynamics and
hence indicate sustainable and efficiency vields. TFor shellfish, data on tissue
quality and infermation on the possible health implications of bacterialcoliform
contamination, as well as, red tide occurrences, should be gathered.

2} For seagrass, seaweeds, coral reels, mudilals, sand flats and beaches, and rocky
shores, there were no available time series and spaual distribution data. There
were alse no information on access and vse of mudflats, sand {Tats and beaches,
and rocky shores.

3 There were no available data on phyioplankton composition, abundance and

biomass.

Prospective risk assessment was notl carried oul [or some parameters due Lo lack
of measured environmental concentrations or lack of threshold values, The following
potentially important data gaps were identified in the mitial risk assessment and would
need [urther eftort in the refined risk asscssment.

I} For water column, there were no data on BOD/COD in the bay, PAHs and other
organic chemicals and limited informaton on heavy metals, pesticides and otl and
grease.

2) For sediments there were no data on other orgamie chemicals, particularly

arganoting, and yet levels of shipping would suggest that these are potentially
important contaminants derived from anti-fouling paints.  And generally, there
wis o lack of approprate eriteria for pesticides and [or TOC,
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3) Inn terms of human health risks, there was a lack of data for some pesticides and
heavy metals in fish. There were no dala for pesticides, heavy metals and
coliform in shellfish tissue as well as coliform i water from the western section
ol the bay, There were no data on PAHs and TBT in tissue. There were also fow
TDIs for pesticides, no TDIs for essential metals, and no criteria for wtal
coliforms in shellfish and fish tissue.

On the basis of past experience. the risks posed by toxic algal blooms are
cunsiderable and obviously important for human health. There have been no reports of
toxic blooms during the past two vears, but this cannot preclude further occurrences in
the future. Plankton data in the water column, cyst counts in sediments and PSP Jevels in
shellfish are important indicators of tus phenomenon,

Another source of risk that has been addressed in a preliminary way comes (rom
accidental spills from shipping.  Here, there ought o be concern about Tikelihood of
oceurrence of accident and the consequent likely exposure. These are functions of the
rate of ship movements into and out of the bay, quantity and quality of cargo, experience
of crew, age of vessel, and various other factors. The only data available are the number
of ships having accidents per year and the average volumes of spills from them. Effort
was simply limited to the computation of the likely average release of oil into the bay per
anmum. with the assumption that the past conditions in all the alorementioned factors do
not change for the future {remam constant). Data on the abovementioned factors should
be gathered and used as inputs to a model that will predict the likelihood of accidental o1l
spills and the likely mpacts on the bay,

Aside from accidental oil spills from shipping, operational discharges should alse
be assessed.  This also goes for refineries and mdustries where controlled and
uncentrolled otl discharges oceur. Although accidental oil spills draw attention due to the
volume of oil released into the environment over a short period, oil coming from daily
operational activities from shipping and industrial activities also contmbute significantly
to the oil and grease levels in the marine environment.



Recommendations and Proposed Actions
RECOMMENDATIONS AND PROPOSED ACTIONS FOR REFINING THE RISK ASSESSMENT
Fisheries

In order to understand and hence appropriately manage fishing activities it will be
necessary 10 develop models that describe the dynamics of the fish and shellfish
populations and hence indicate sustainable and efficicncy yields. A comparison with
these yields will give a more objective indication of the level of overfishing and the
extent to which other factors might be contributing to declines in stocks.  For rvisk
management, partial bans on fishing activity have been used mn some areas (o assess
empirically how reductions in harvesting may lead to recovery of stocks.  The
effectiveness of such bans is stll being evaluated,

Phytoplankton

For phytoplankion, n would be useful 1o svstematically assess spatial and
temporal changes in phytoplankton biomass, production and species compasition with the
development and establishment of a monitoring program. These should be designed to
give further insight into the mteractions between environmental agents and population
dynamics of the phvtoplankton. Tt would appear that much eftort 15 being put into
consideration of the relattonship between ¢nvironmental conditions and phytoplankton
blooms, with emphasis on phytoplankton as mdieators of ecological problems, but
possibly, emphasis also needs o be directed toward the extent to which toxic
contaminants might impair primary production - this being the basis of manne food
chains. A close working relatonship needs 1o be developed between the Manila Bay
team and the various research groups that are working in this area.

Soft-hattoms

Deteriorating envirommental conditions, particularly manifested in the decline in
dissolved oxygen, appears ta be a major factor in the declue of the benthic community,
There is a need o Turther ascertain the degree with which almost or practically anoxic
conditions have adversely alleeled benthic organisms, The decline in dissolved oxveen
indicates an increased oxygen demand on the bay fur the decomposition of organic load.
To prevent further reduction of dissolved oxygen, risk management should address the
need o prevent excessive inputs of organic materials into the bay, It is also possible that
exposure to other chemicals might be contributing to the decling in the benthas. There s,
therefore, alse o need to determine the extent to which other possible agents like
organotins and other chenucals, and fishing activities that disturb the bottom sediments,
have contributed 1o the decline in benthos. Organotins, particularly, are known to have
distuptive elfects on hormones of marine organisms, especially mollusks, leading to
stertlity and reduction in reproductive success.



Coliform

The human health risk presented by coliform in the water column and biota had
been  adeguately  established in the initial risk  assessment. The following
recommendations are for the risk management phase of the project.

An urgent need is for the development of management plans for controlling food
supplies from critically contaminated sites. It will also be important to put in place a
more systematic assessment of tssue contamination in {ish {oods: lor example this could
imvolve routine assessment of landings at the main fishing port(s).

There is also a need [or 4 routine monitoring ot celiform levels in bathing arcas
and for responsible agencies or local government units to sanction the owners of resorts
that present a clear risk o the public. An intensive information and education campaign
should also be conducted to inform the public of the adverse effects of bathing i, and
more importantly, ingesting seafood from, contaminated waters. There is also a need to
perform morbidity and mertality statistics analyscs in areas surrounding the bay to
determine the extent to which coliform contanination has aflected human health.

More importantly, there 1s a need o address the source of coliform contamination,
The high bacterial load may be attributed mainly Lo sewage generated from houscholds
and commercial, agricultural, institutional and industnal establishments that discharge
directly to the bay or to the dramage and river svstems which cventually enter the bay.
There is a need to fast track sewage collection and treatment programs in watershed
areas, Direct discharges of domestic, industrial and agricultural waste, including septic
or sludge disposal o Manila Bay and its tributaries should be stopped. A control
program for indirect discharges. such as urbun and agricultural run-off w Manila Bay and
its tributaries should also be implemented.

Cost-benefit analysis should be performed te identily the most appropriate
interventions, Models should be used 1o 1dentify and evaluate benefits and costs of the
various interventions.

MNutrients

Fram an ecological point of view, more mlormation will be needed for nutrients
in terms of spatial and temporal distributions, but in particular, dentification of likely
sources from agriculture and domestic activities is required. N:P ratios in the bay may
indicate trends in nutrient loading and should alse be determined.  Predictive models
might be developed here o identity relative importance of sources and henee draw
attention o appropriale management.

Heavy Metals

For heavy metals, particular attenlion needs to be given to spatial distributions of
Cu in sediments and Cu, Zn, Hy and Pb in sealood Ussue, again with consideration being



given to possible sources. Industrial activities are likely ta be implicated here, and it may
be necessary to develop models that give some predicted environmental concentrations so
that management programs can be developed.

With reguard to human health nisks from consumption of seafvod contaminated
with heavy metals, there appears to be a considerable amount of information on human
consumption patterns but this should be brought up to date with particular attention being
focused on age differences.  Uncertaintics in the TDIs and in the use of RDAs for
cssential metals should also be reduced as more mformation hecome available,  The
extent to which human health has been affected by the levels of metals in seafood should
also be determined by analvzing morbidity and mortality statistics in arcas surrounding
the bay.

As part ol an overall envirommental management of the bay, an integrated
monitoring  program  to conduct routine momtoring ol heavy mewls in seafood,
particularly shellfish tissue, should be developed.

Dissolved Oxvoen

Reduction of dissolved oxygen in the water column appears 1o be a particularly
impartant cause ol ccological impact. However, a more refined analysis will be required
to describe temporal variation in concentrations, especially in deep waters, and to relate
this 1 likely impacts on key ceological svstems. The likely impacts of phytoplankton
blooms on DO levels, extent of area alfected and duration of exposure of organisms to
low DO should be assessed, A model for organic loading and potential impacts on DO
levels should also be developed.

Pesticides

More mformation will be needed for pesticides in water and tssue, with attention
being given to likely sources. Extensive agricultural activities in regions around e bay
are likely to be the most significant contributars,  Lack of data n terms of measured
concentrations and threshold values may require the conduct ol rapid appraisal using data
on pesticide releases and ceotoxicological propertics 1o be able to eslimate environmental
risk.

Oil and Grease

More recent information on vil and grease especially in near-shore arcas would be
neeessary.  The major organic constituents of oil and grease in the bay should also be
identified to enable the determination of ccotoxicological risks that these present to the
ccosystem.  ldentification of possible sources would be supported by infonmation on
estimated average discharges from houscholds and commercial establishments ar fram
miwnicipalities and operational discharges and accidental spills from industrial and
shipping activitics. A simple model may be developed to determine the likely
contribution from land-based and sea-based sources.

=
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The complex mixture of organic compounds in o1l and grease may have different
adverse elfeets on marine life particularly shellfisheries and benthic organisms. [t is
recommended that the major organic constituents of wil and grease in the bay be
identified to enable the determination of ecotoxicological risks that these present to the
ecosystem. It a5 also recommended that more information be gathered on the sensitivity
ol the resources and habitats in the bay to o1l and grease.

Critical water concentrations from various sources could differ by orders of
magnitude. This would mean that RQs could be even greater than what were obtained in
this study, and shows that more consideration and care should be given to the choice of
criteria values.

Total Suspended Solids

For TSS, there is a need to quantify contributions {rom various sources to be able
W prioritize management requirements.  Spatial and temporal variability should be
assessed and relative contributions from domeste, industrial, agricultural, aquaculture.
reclamation and  dredging  activities should be estimated.  In harmony  with u
hydrodynamic model of the bay, models showing the fate of suspended solids in the bay
and the potential impacts on habitats and resources should be utilized.

Data Gaps and Sources of Uncertainty

There will be an important need to Al data gaps on BOD/COD, PALL and other
arganic substances, Additional data on heavy metals and pesticides in the water eolumn,
coliform in water and tssue and heavy melals and pesticides in tissue from the western
section of the bay would be necessary to verify the assessments that have been made
using the limited data available,

In general, further consideration needs to be given to all eriteria values, especially
those concerned with pesticides in sediments.

Attention will need to be given o the possible oceurrence of organoting within the
bav. A monilering program mvolving a svstematic sampling design from ports out into
open waters should be required.  Investigations on shell deformulies and/or 1mposex
(1mposition o male characters on female gonad formation) in aysters should also be
conducted.

Predicting the likelihood of toxic algal blooms is something of a special case.
The RQ analysis that has been the basis of the initial risk assessment is not suited for
addressing this issue. In order Lo predict likely population explosions of algal cells, it 1s
necessary o have g detailed understanding ol their pepulation dynamics and the way
cnvironmental [actors interact with them. These kinds ol models are currently under
development and should be taken into account in the development of the refined risk
assessment program. In view of the contral impartanee of these models in the refined risk
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assessment, it is believed that these should be given a high priority and close coordmation
with the research groups working on these models should be developed.

The occurrences of other phytoplankton blooms and the possible ecological
clfects should alse be considered. The high nutrient.  especially  phosphate,
concentrations in the bay may directly support the initiation and/or proliferation of these
phytoplankton blooms. The effect of the increase in primary production on the dissolved
oxygen levels i the sub-surface water column should also be investigated.

Chlorophyll-a concentrations were not taken up in the mitial risk assessment,
This is an index of plankton biomass and muay mdicate when phytoplankton should be
cansidered as an agent or a resource in the bay and should be included in the refined risk
assessmenl.

Coastal erosion and sedimentation have been discussed to some extent as agents
in the decline of some resources and habitats and as contributors o suspended salids in
the water column, but these areas merit more attention in the relined risk asscssment.
These processes can change the character of the coastline, contribule to habitt
destruction and changes in community structure, and pose risks to human and economic
activities along the coast. These are caused both by natural processes and human
activities 1 the conast as well as in upland arcas. The natural factors are beyond human
control but the human activities that enhance the destruction of natural processes ¢an be
identified and controlled. The assessment should include determination of the extent of
erosion and sedimentation 1n the bay, identification of likely causes, and asscssment of
risks to the ecosystem, community and economy.

The RO approach has not been suitable for dealing with risks posed by solid
wastes, yet these are an obvious problem in the bay (and the surrounding niver systems)
for shipping, human health, ccological systems, and aesthetics, To refine assessment of
the risks posed by solid waste will require increased understanding abouwt sources,
distribution and impacts.  For example, there may be ccological problems arising from
physical disruption of habitats caused by the accumulation of plastics and other solids.
This could be particularly important for systems like the mangrove forests,

In order to develop better predictive models of likely impacts trom shipping
accidents, it will be necessary o develop models incorporatng all of the features noted in
the above section that are likely to influence the probabilily of wccidents and the
consequent likely impact in terms of Manila Bay resources. On the Jatter it would be
uscful to develop models of most likely areas in which accidents might occur and 1o
consider their proximity to natural resources.  This will be mmportant in developing
emergency procedures,

To refe all the risk wssessments there will be a general requirement to develop o
robust and user-lriendly model of hydrodynamies for the bav, This will enable the more
precise assessment of relative contributions of sources of contaminants o conditions
within the bay, especially with regard to pantitioning between river and watersheds and



coastal activities.  The model should also provide insight into temporal and spatial
variations in exposure concentrations that will be important to further the understanding
of the relative risks posed by the various contaminants.

It 15 alse umportant to recognize that the initial nsk assessment has been based
largely on warst-case and average scenarios. For a number of the agents. further insight
will come from making the spatial and temporal variations ¢lear and explivit. This will
also enable the distinction between locabized and bay-wide conditions and the
corresponding risk assessnient results,

Other possible sources o uncertamties 1n the results of the initial risk assessment
have also been identified.  These are mostly associated with the quality, comparability
and adequacy of the measured concentrations and the suitability of the threshold
cancentrations employed. PNECS have been estimated from values derived from various
sources (sce Appendix 4), and it will be important 1o define those ones of particular
relevance for Mamila Bay. [t should then be possibile to further clarify risk assessments
through the application of quantitative uncertainly analvses as specified in the risk
assessment manual. This should be parucularly important for DO, TSS, nitrate, certain
metals and pesticides in shellfish and sediments, and human healih risks from seafood
consumplion in general.

The initial risk assessment has focused entirely on a consideration of risks tw
human health and ecological svstems rom conditions in the bay that are influenced by
human activities. The conseguent impacts therefore derive from sociocconomic activities
and have implications for the economy. Refinement of the risk assessment should make
these links more explicit in the [oom of qualitative risk pathways and more quantitative
socioeconomic analyses,

SUMMARY OF MAJOR AREAS OF CONCERN FROM THE PROSPECTIVE RISK ASSESSMENT

From the comparative risk assessment tables (Tubles 9.2, 9.4 und 9.6), arcas of
concern were wentilied and priortized in the order of the levels of concern as indicated

by the KOs,

For ecological impacts Trom levels of contaminants in the water column and
sediments:

Water colummn: Mutrients {espeeially POs) > DO/BODICOLD > TSS =
pesticides > oil and grease

Sediment: Heavy metals (especially Cu) = pesticides = PAHs
IFor human health impacts:

Water column; Caliform
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Tissue: Coliform = heavy metals > pesticides

The parameters that are not included 1 the priomty list have ether been
considered of low priority due to low measured concentrations or not been assessed due
to lack of information on measured concentrations or threshold values. leavy metals in
the water column and PCBs in tissue [l under the first category although Turther
verification depending on availability of data would be necessary for heavy metals,

Risk assessment has not been carried oul for PAHs, PCBs and TBT in the water
column due to lack of measured coneentrations and TOC in sediments due to lack of
threshold value although low levels of PCBs in tissue indicate that these might not be
priority contaminants in the water column.
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Glossary

Accuraey. The degree o which a measurement reflects the true value of a variahle,

Addverse ecological effeors. Changes that are considered undesirable because they aler
valued structural or lunctional characteristies ol ceosysterms ar their components. An
evaluation of adversity may consider the type, intensity, and scale of the effect as well as
the patential for recovery.

Agens, Any physical, chemical, or biological entity that can induce an adverse response
{synonymous with stressor).

Assesrment endpoing. An exphictt expression of the environmental value that 15 o be
| ] X )
protected, operationally defined by an ecological entity and s attributes.

Atefbute. A quality or characteristic of an ccological entity. An attribute is ene
compenent ol an assessment endpoint,

Heatiie commaicy, The community of erganisms dwelling at the bottom of a pond, river,
lake, ar ovean.

Bivaccunndarion. General tern deseribing a process by which chemiculs are taken up by
an organism cither divectly from exposure o a contaminated medinng or by consumption
of food containing the chemical,

Rigeoncemtration. A process by whiuch there s o net accumulavion of o chemical direetly
from an exposure mediun nte an organisn.

Bicwmagnification. Resull of the process ol Livaccumulation and biotranster by which
lissue concentrations of chemicals in orgamsms at one wrophic level exceed tissue
concentrations in erganisims at the next lower trophic level ina food chain,

Contanimant of concern. A substance detecied at a huzardous waste site that has Lhe
potential o alfect ecological receplors adversely due to its concentration. disiribution,
and maode of toxicity,

Connunity. An assemblage of populations of different species within a specified locaton
and time.

Compuarative risk assessment. A process that generallv uses a professional judement
approach to evaluate the relative magniude of effects and set prioritics among a wide
ranze of environmental problems,



Councentration. The relative amount of a substance in an environmental medium,
gxpressed by relative mass (e.z., mekel volume (ml/L), or number of units (e.g., parts
per million),

Correfation. An estimate ol the degree to which two sets of variubles vary tegether, with
o distinetion between dependent and independent variables.

Degradarion. Conversion of an organic compound Lo one containing & smaller number of
curbon aloms.

Disturbance. Any event or series of events that disrupts ecosystem. community, or
population structure and changes resources, substrate availability, or the plhysieal
environment.

Eeofogical component. Any part ol an ccosystem, including individuals, populations,
communities, and the ccosystent itsell.

Feological entity. A general term that may refer to a species, a group of species, an
eeosysiem function or charcterisue, or a specilic habitat,  An ecological entity 1s one
component o an assessment endpoint.

Ecosvsient, The biotie community and abiotic environment within a specified location
and time, including the chemical, physical, and biological relationships among the biotic
and abiolic componenlts.

feorovicology. The study of toxic effects on nonhuman organisms, populations, or
cornmunitivs.

fiffects assessment. The compoenent of a risk analysis concerned with quantilfying the
manner it whiel the frequency and itensily of ellects imerease witl increasig exposure
o substance.

Envirommental risk assessment, The likelihoed that an enviranmental condition caused by
human activity will cause harm to 4 target. It involves estimating the likelihood of harm
being done 1o human bealth andéor ccosystems through {actors cmanating from Lman
activities that reach their natural targets via the natural environment.

Exposure, Co-oceurrence ol or contact between a stressor and an ecological component.
The contact reaction between a chemical and a biological svstem, or organisn,

Lxposure assessment, The component of a risk analvsis that estimates the emissions,
pathways and rates of movement of a chemieal in the environment, and its transformation
or degradation, 10 order to estimate the concentrations/doses to which the system of
lnterest may be exposed.
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Fare. Disposition of a material in various environmental compartments {e.u., soil or

sediment, water, air, biota) as a resull of transport, transformation, and degradation,

Food-chain transfer. A process by which substances in the tissues of lower-traphic-level
organisms are traonslerred o the higher-trophic-level organisms that feed on them.

Habirar. Place where a plant or animal lives, often characterized by a dovmmant plamt
torm and physical characleristics.

Hazard, The likelihood that a substance will cause an imjury or adverse effect under
specified conditions.

Hazard assessmeni, Comparison ot the intrinsic ability ol a substance o cause harm {(i.e.,
to have adverse effects for humans or the environment) with its expected environmental
concentration, often a comparison of PEC and PNLEC. Sometimes referred o as risk
assessment.

Hazard identificution. Wenulication ol the adverse effects that a substance has an
inherent capacity to cause, or in certain cases. the assessment of a particular effect. It
includes the identification of the target populations and conditions of exposure,

Ingestion rate. The rate at which an organism consumes food, water, or other materials
(e.g., soil, sediment). Ingestion rate usually 18 expressed in terms of unit of mass or
volume per unit of time {e.g., ke/day, Liday),

Lovwest-observable-adverse-effect level (LOAEL).  The Jowest level of a stressor
evaluated in a toxicity test or biological field survey that has a statistically significant
adverse effect on the exposed organisms compared with unexposed organisms in o
cantrol or reference site.

LCsy A statstically or graphically estimated concentration that is expected to he lethal
50% of a group of organisms under specified conditions.

Megsurement endpoint. A measurable ecological characteristic that is related to the
valued characteristic chosen as the assessment endpoint. Measurement endpoints often
are expressed as the statistical or arithmetic summaries ol the observanons that make up
the measurement. Measurement endpoints can include measures of effect and measures
al expasure.

Population. An aggregate of individuals of a species within a specified location in space
and time.

Precision, A measure of the closeness of agreement among individual measurements,
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Predicted or estimated enviranmental concentration (EC). The concentration of a
material predicted/estimated as being likely to oceur in environmental media to which
organisms are exposcd.

Primary effect. An clfect where the stressor acts on the ecological component of interest
itself, not through effects on other components of the ecosystem (svnonymous with direct
eflect; compare with definition for secondary effect).

Prospective risk assessment. An evaluation of the future risks ol o stressor(s) not vet
released into the environment or of future conditions resulting from ao exisling
slressan(s).

Reference site. A relatively uncontaminated site used [or comparison o contaminated
sites in environmental monitoring sludies, often incorrectly referred to as a contral.

Representarive samples. Serving as a typical or characteristic sample; should provide
analytical results that correspond with actual environmental guality or the condition
experienced by the contaminant receptor.

Retrospeciive visk assessmenr. An evaluation of the causal linkages between observed
ceological effects and stressor(s) in the environmenl.

Risk, The probability of un adverse effect on bumans or the environment resulting from a
given exposure 10 a substance. 1t is usually expressed as the probability of an adverse
effect occurring, e.g.. the expected ratio between the number of individuals that would
caperience an adverse efTect in g given time and the total number of individuals exposed
to the risk factor,

Hisk assessment, A process which entlails some or all of the following elements: hazard
identification, effects assessment, exposure assessiment and risk characterization, It is the
dentilication and quantification of the risk resulting from a specitic use of oeeurrence of
a chemical meluding the determination ol exposure/dose-response relationships and the
identification of target populations, It may range from largely qualitative (for situations in
which data are limited) to fully quantitative {when enough information is available so the
probabilitics can be caleulated),

Risk characterization. The step in the risk assessment process where the results of the
exposure assessment (e.g., PEC, daily intake) and the effects assessment {e.p., PNEC,
NOAEL}) are compared. 1 possible, an uncertainty analysis 15 carried out, which, il il
results o quantifiable overall uncertainty, produces an estimation of the risk,

Risk elassificarion. The weighting of nisks n order 1o decide whether risk reduction is
required. 1t includes the study of risk perception and the balancing of perceived risks and
percerved benefits,



Risk Pathways (Exposwre Patiways), A diagrammatic representation of the course that all
agents take from a source to exposed orgamsms (larget) (Modified from, EPA). In the
diagram, each exposure pathway includes a source or release from a source, an exposure
point, and an exposure route. I the exposure point differs from the source,
transportiexposure media (1., air, water) also are ineluded. For the particular use of the
report, the major categories found in the diagram include economic/social drivers
(sources), hazards, resources und habitats {targets), and the effects on the cconomy. It
may also sometimes be referred o as the conceptual model that describes ecosystem or
ceosystem components potentially at misk, and the relationships between measurement
and assessment cndpuoints und exposure scenarios.

Sumple. Fraction of a material tested or analyvzed; a selection or collection from a larger
collection.

Secondary effect, An cffect where the stressor acts on supporting components of the
ecosystem, which in tum bave an effect on the ccological component of interest
isynonymous with indirect effects: compare with defimtion for primary effeet).

Sediment. Particulate matenial lying below water,

Soprce. An enlity or action that releases to the environment or imposes on the
environment @ chemical, plivsical, or biclogical siressor or stressors,

Species. A group of organisms that actually or potentially interbreed and are
reproductively  dsolated from  all other such groups: a taxonomie  grouping ol
morphologically similar individuals; the category below genus.

Stressor. Any physical, chemical, or biological entity that can induee an adverse response
{synonymous with agent).

Swepr-area method. A holistic method of estimating the absolute measure of biomass
wlhich makes use of the so-called “swept area™ or “effcctive path swept” of a trawl
{equivalent to the length of the path times the width of the trawl). The total biomass,
usually expressed in mass or weight per arca or simply in unit mass or weight, for a

: ; s Cwial A —
certain area, A, is computed utihizing the formula, B = ( -—%lL_. where (Lw;'ra," 15

o

mean cateh per unit area (for all hauls) and X1, the fracuon of the biomass in the
effective path swept by the trawl which is actually retained in the gear (usually 1s values
chosen from the range of 0.5 wo 1.0, with £.5 being used mostlv in survey work conducted
in southeast Asia),

Threshold concentration. A concentration above which some effect (or response) will be
produced and below which it will not,

Tolevabie daily intale (TDI). Regulatory value equivalent to the acceptable daily intake
cstablished  relevant regulatory  bodies and  agencies, ¢.g. US Food and Drug



Admimstration, World Health Organizauon, and the European Commission Scientific
Committee on Food. Ttis expressed in mg/person, assuming a body weight of 60 kg, And
15 normally used for tood contaminants,

Trophic fevel. A Tunclional classilicalion of laxa within @ community that is based on
fecding relationships {e.z., aquatic and terrestrial plants make up the [irst trophic level
and herbivores make up the second).

Liptake. A process by which materials are transterred inlo or ontu an organisn.
Uncertainiv. Imperfect knowledge concerning the present or future state of the swstem

under consideration; a component of risk resulting rom imperfect knowledge of the
degree of hazard or of i1s spatial and temporal distribution.
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Appendix 1

Retrospective Risk Assessment: Sunimary ol Likelihood

Summary of Likelihood of Sonte Identified Agents Causing Decline in Resources

Categories are delined as follows:

Resource | Likely Possibly | Unlikely | Unknown |
Fisheries | Overtishing 155 Nutrienls PCBs, TBT
Pesticides Caoliforms | and other
DOMBOD/ICOD | TOC orgianic
- Qil & grease Heavy melals toxicants
Oil spills PAH | Algal
i 3 ) | biloams
Shellfisheries Ohwverlishing? Heavy metals Nutrients PCEs, TBT
Overcollection | Pesticides Coltfurms and other
DO/BODICODL | TSS TRAE organic
Oil & grease Pal Loxicants
Oil spills Algzal
| blooims
Seaweeds/ Collection Heavy metals Coliforms PCBs, TBT
alzae TS5 Pesticides Mutrients and other
Oil & prease TOC areanic
Ol spills DOBOD/COD | oxicants
PALL Almal
blooms
Phytoplankton | TSS Oil & prease PAH PCBs, TBT
Ol spills Heavy metals and other
Pesticides organic
Coliforms toxicants
Nutrients
TOC
L - DO/BOD/COD

Likelv (I} based on knowledge of exposure 1o the azent and either established elfect
concentrations (1o, orleria used in prospective analyses) or other evidence (such as
knowledge about intentional harvesting, field observations {e.g, ol infestation), the agent
1s considered to be a likely cause of hay-wide decling in the resource.

Possibly (p) — based on available information aboul exposure and cffect levels, this agent
cannot be excluded as a cause of bay-wide decline in the resource.

Unlikely {unly — based on available mformation about cxposure and cilect levels, this
agent is unlikely to have caused bay-wide decline in the resource. However, agents in this
category may have indirect effects on the resource. For example. nutrients, themselves,
would not have a negative effeet on benthos (defined here as unlikely), but by enhancing



primary productivity (algal blooms), increased nutrients could lead to lowered DO, which
is likely 10 have a negative impact on benthaos,

Unknewn {unk) — there is nol enough miormation available on exposure and/or effect
levels 1o assess whether agems in this category have led 10 bay-wide decline i the
resource.

These summaries ol likelibhood were established on the basts of the retrospective analyses
{(decision tables), on the prospective risk assessments for different agents summarized in
the Comparative Risk Assessment section (for water and sediment), on direet field
observations {¢.g., insect infestation o mangroves) aod on inlormation about levels of
intentional human activity (e.z., harvesting, clearance).  For fisheries, shellfisheries,
benthos, seagrass and seaweedsfalpae exposure vin both water and sediment were
assumed. For mangroves exposure was assumed to oceur pnmarily from sediment; for
coral reefs and phytoplankton, exposure was assumed to occur primarily from water,



Summary of Likelihood of Some Tdentified Agents Causing Decline in Habitats

SONIC arcas)

TOC

Habitat Likely Possibly | Unlikely Unknown
Mangroves Clearance Oil & grease | Heavy metals PCBs and other
| Insect Chl gpills Coliforms orpanic
infestalion {in Pesticides Algal blooms taxicants

disturbance Colitorms Algal blooms

{e.g.. bout TOC

anchorage; DO/BODICOD

inappropriate

fishing

) methods)
Seagrass TSS Oil & grease Colilorms PC1Bs and other
Onl spalls Nutrients organic
[Heavy metals TOC LxIcants
Pesticides DOBOD/COD | Algal blooms
- PAH
Soft-Bottoms | Physical TSS Nutrients PCBs, TBT and

Destruction/ [eavy metals Colifarms other organic

Disturbance Pestieides TOC toxicants

Fishing activity | Oil & grease PAH Algal blooms

{i.v., botlom il spills

trawling)

| DOBOD/COD
| Mudilats= Reclamation**

Conversion®*

Physical DOBODICOD
disturbance Nutrietits
Sedimentation
Solid waste

Coral Reefs | Sedimentation | (il & grease PAH PCBs and other
Collection Onl spills Pesticides orgianic
Physical Nutrients Heavy metals toxicants

| Sand flats
and Beaches*
Rocky
Shores®*

Feclamation™*
Conversion®#*
Pollution™*

Reclamation**
Conversion®®
Physical
Destruction®*

* later additions; were not part of the original assessment during the workshop
** for lack of sufficient data: inferred as possible factors o cause degradation or loss
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Categories defined as lolluws:

Likelwv {1} — based on knowledge ol exposure o the agent and either established effect
concentrations (1.e., criteria used in prospective analyses) or other evidence (such as
knowledge about inteutional harvesting, field observations (e.g. of infestation), the agent
is considered to be a likely cause of bay-wide decline in the resource.

Possibly (p) — bused on available information about exposure and effect levels, this agenl
cannot be excluded as a eause of bay-wide decline in the resource.

Unlikelv {unl) — based on available information about exposure and effect levels, this
agent is unlikely to have caused bay-wide decline in the resource, However, agents in this
category may have indirect e[Tects on the resource. FFor example, nutrients, themselves,
would not have a negative effect on benthos (defined here as unlikely), but by enhancing
primary productivity (algal blooms), increased nutrients could lead to lowered DO, which
i5 likely to have a negative impact on benthos.

Unknown (unk) — there is not enough information available on exposure and/or eflect
levels o assess whether agents in this category have led to bayv-wide decline in the
reSOUrce.

These summaries of likelibood were establishied on the basis of the retrospective analyses
(decision tables), on the prospective risk assessments for different agents surmmarized in
the Comparative Risk Assessment section (for water and sediment), on dircet licld
observations {e.g., insect infestation in mangroves) and on information about levels of
intentional human activity (e.g., harvesting, clearance).  For fisheries, shellfisheries,
benthos, scagrass and seaweeds/algae exposure via both water and scediment were
assumed. For mangroves exposure was assumed Lo ceeur primarily from sediment; for
coral reefs and phytoplankton, exposure was assuned to occur primarily from walter,
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Appendix 2. Sowrces of Data
Sources of Data for the Initial Risk Assessment of Manila Bay

Retrospective Risk Assessment

Resouree! References
Habitat

Fisheries BEAR. 1995

Tambuyog Development Center, 1990

FSP-DA. 19492

UNEREMB-DENR, 199

Shellfisherics UNERF/EMB-DENR. 199]

Tambuyoge Development Center, 1990

Blanco, G, T, 955

Scaweeds BFAR, 1995
Phyloplanklon BFAR, 1995
Mangroves BFEAR. 1995

DENR-RIL, 1999

DENR-NCR, 1999

Carals BFAR, (995
UNEP/EMBE-DENR, 1991
| Soll-Bolloms PRED, 1999

BFAR, 1995

UNEP/EMB-DENR, 1991

Seagrass, Mudflats, Sandlats, BFAR, 1993
Beaches and Rocky Shores
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Prospective Risk Assessment

Parameters

Mulrienls

88

158

Deseription of Data

| Location

Keterences

Raw data: 1996- 149495,
monthly, ¥ stations, 3

| depths (SMB)

Entire bay

PREP, TU49Y

| Raw dala: [996-1998,

manthly, % stations, 3

_depths (SMB)

Fatire hay

PILEE, 19949

| Raw data: 1996-1449%,
[ manthly, ¥ stations, 3

depths (SMB)

Entire bay

PERP, 19499

Cuoliforms

Woater column

Trssue

Huiwey metals

Water column

|
| Sediment

[ data; 1996- | 95%8,
menthly, 10 bathing
sratians

[law data: 194%6- 10998,
muanthly, HY stations

Fastern and southemn
sections

Bulacan, Parafague,
Bucoor, Kiwit and
Naig, Cavite

PRRP, 1994
i Maim Text)

| PRREE, 14499

ANnexes)

law data: 3 stations, |
mand 3 m

Faw data: Sept-Oes2
isurfiwe), Febehdar®3
(ot 10 stations

Faw data: 1990-98, 6
aulings, 10-13 stations

Baw dui: 1983256, 3
slilions, surfiaee, depth
[rotiles (0-200 cm)

Surlace: 10 slalions

Depth prafiles; &
stations

Mevecavavan, Bacoor
and Pampanga

River mouths around
e Tray

Catire bay

Movemuvan, Bacoar
and Pampanza
(nearshare)

Bulacan River mouth
and Pasig River mouth
=15 km off=shore

Bulacan River mouth to
~ 153 km off-shore

LMB-DENR, 949]

BFAR, 1095

PERP, 1999

EMB-DENRE, 192]

Prodente eral, 1994

Frudente et al., 1499
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Parameters

Deseription of Data

Laocation

References

Heavy metals

sediments Ranges: 1994-19590, 4 South and Morth ol bay | Narcise and Jacine,
slations 19497
Tissue Raw data; 9831984, Tanza (Cavite), Manila, | EMB-DENER, 19%]
(Fish} 5 stations Malabon/™avaotas,
Pampanga River mouth,
Limay (Bataan)
Fish and Raw data: 1994 and Purchased from ports of | Prudente etal., 1997
shellfish 1996, 16 fish specics Coastal Koad,
Parafaque {April 1994)
and Maie, Cavie
(March 19946}
Averages (shellfish): Paranaque, Pampanga, BFEAR, 1943
May and August 1993, | Bataan
3 statjions
Raw duty; Sept and Bulacan, Paraiagque, PRREP, 1999
Marl 996, 5 stalions Bacoar, Fawit and
Naig, Cavity
Pesticides
sediments Faw data: Sept and Enlire bay PRRP. 1999

L6 pesticides

Tissue
[Shellfish)
16 pesticides

Mo 19%0; 10 stations

Faw data: Sept and
Wlar996; 5 slalions

Buolacan, Purafiague,
Bacoar, Kawit and
Maie, Cavite

Mo slalions specified

(Fish] Cired values

3 pesticides

PALls

Sediment Faw data: 1995-19%4;

149 stations (W), 16
stalions (L)

Raw data: Sept and
Mar 19960; 10 stations

Western amd Eastemn
side al bay

Entire bay

PRRP, 1993

Turon & Ancheta,
[

santiago, 1597

FRRP, 1999

(] and grease

1985

|9u2-10493%

Bacoor (Cavite), Pasig
{(Mamla), Nuvatas
{Meteo Manilal,
Meveanayan and
Famarawan (Bulacan)

Araund the bay

Cited m BFAR, 1995

BFAR, 1995

i




Parameters Description of Data Location References
Ol spills 1990-85 1999 Source, | Batwan and Munila 19%{)-93:
date, area, type aml MCG as cited i EMB-
quantity ol oil DENE, 1994
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Appendix 3. Sampling Stations

Maps of Manila Bay Showing the Sampling Stations Used by the Pasig River Rehabilitation Program (PRRP, 1999)
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Maps of Manila Bay Showing the Sampling Stations Used by the Pasig River Rehabilitation Progeam (PRRP, 1999)
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Appendix 4. Criteria/Standards

Walter Quality Criteria

U.S. EPA Quality Criteria for water for

Waler Quality Criteria

Physico-chemical regulatory purposcs for cogstal and_n‘lari'ne {QrigglfL CI]II{:)?'SSiEl}é‘rl(lllTrds
. . . waters in the Philippines . P
P | M i conicaricra | DRO3H) | N | cllionins
(Classes SA, SB, SC, SD) e
DO (mg/l) 5.5.5,2 4 6,5.4,3
COD (mg/l) 2,345
BODS (mg/l) 3,5,7,7 ) 1,234
Nitrate (mg/l) 0,06
Nitrite (mg/1) 0.055 7
Phosphate (mg/i) 0.015-0.045
(coastal -
csluaries)
TSS (mg/l) 50 (Malaysia)
Cyanide {(ug/1) ! l 50,50,50,7 7 5,5,100,200
Ammonta (ug/l) 70 (unionized)
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Water Quality Criteria

I

BT e

Heavy Metals

U.S. EPA Quality Criteria for water for
regulatory purposes

Water Quality Criteria
for coastal and marine
walers in the Philippines

ASEAN
(Propesed

Chinese Standards
for difTerent

{ug/) Maripc f].ClI[C Marine chronic criteria (DAO 34) Ma.rinc wucr ‘cl‘a.ssiﬁcalions
criferia (Classes SA. SB, SC, SD) quality criteria) |(Classes I, I, 1T, V)
Cadmium 43 9.3 10,10,10,7 10 £,5,10,10
Copper 2.9 2.9 7,20,50,7 29 5,10,50,50
Lead 140 5.6 50,50,50,? 8.5 1,5,10,50
Mereury 2.1 0.025 2,2.2? 0.16 0.05,0.2,0.2,0.5
Nickel 75 8.3 5,10,20,50
Chromium 1,100 50 50,100,100,? (V1) 48 (V) # 50,100,200,500
Silver 23 /
Zinc 95 55 50 20,50,100,500
Arsenic 69 (Tri) 36 (Tri) 50,50,50,7 120 20,30,50,50
Selenium 410 54 10,20,20,50
g 1 i
f Vhay ¢ el
e /'.: : i




Water Quality Criteria

U.S. EPA Quality Criteria [or water for

Water Quality Criteria

- T regulatory purpases for coastal and marne Raian C]]i].msc.sjmmm.ds
[race Drganics . = waters in the Philippines {I‘.r.upns::r:d 10r.'~{.|l_”i.3l'f.?ﬂ[
(ug/l) MarnC IO | ehraitie SR (DAQ 34) Marine e -.C]Lm_]!mmmnﬂ :
criterii (Classes SA. SB. SC, 5D) guality criteria) |[(Classes [ 1T, 111 TV}
Chlordane ERIL L4 322
DT 013 00 50,202 (1,05,0,1.0.1,0.1
Malathion ! i1 0.5,1,1,1
Indasulian {1034 0.0067
Pentachlorophenaol 13 7.4
Heptachlor 0.053 (.0035 !
Endrin {.037 0.0023 /
Aldrin IR ! B o)
Dheldrin {1.71 ooy Ly
Lindane - R
Toxaphane S T
Methoxyehlar { (.03 {018 G o
Benzene 5100 700 o
Phenol [ 2{)
P Hy [} (3013 Lo
PAHs 30 !
chzn[a]nyrcn? 252820525
1CHs e L — e




501

Water Quality Criteria

T R ST T TR Y P - |
L. EPA _{_;ru.ihl:,f C!]LL.FL._’L .j.u.[j waler for ‘-._ I:lLL[ (?lel]Lj,. 'Llill.:[ld. ASEAN Chinese Standards
regulatory purposcs lor coastal and marime N o T R
e el (Proposed for dilferent
: walers 1 the Philippimes s . B
Murine acute Mari | < eritor (DAO 34) Marine walter classifications
A larine chronic eriteria i S :
criteria WRE RNORS R (Classes SA, SB, SC, SD) quality eriterta} [{(Classes 1, 1L 11, 1Y)
Cheoanometallics )
TBT (ug/l) .01
Oil & grease (.09 0004 1,2.3,5 0.14 1 1.05,0.05,0.3,0.5
{mg/1) {Petroleum ether extract) | {Water soluble
[raction)
| i ! { I. .".'
| !I_ I [ | b
gk ﬂl
! L v ) o o SRR :




Sediment Quality Criteria

HK-I1SQVs (mgikg) | CANADA (mg'kg) NOAA (mgikg) NETHERLANDS (mg/kg)
Heavy Metals C_f:nlﬂau.nin:ﬂ%[r:m ! Threshald/probable Effects Eiteois Ranpe I"r{wis;i:}nnll Test'warning
> Classification Lewel ; Value
Lower limit X Threshold Probable Low Median Test Warning
Cadmiun 1.5 9.6 [0.68] 421 1.2 9.6 75 0
Copper 35 270 [18.7] 108 34 270 a0 400
Lead 75 218 0.2 112 46.7 218 530 1000
Mercury .28 I 0.13 0.7 0.15 0.71 1.6 15
Nickel 4] N/A [15.9] 42.8 209 1.6 45 200
Chromium bl a7 523 160 &1 370 480 1041
Silver 1 W7 [0.73] [1.77] : 37 /
Zine 2011 410 | 24 271 150 410 1 0H0] 2506}
Arsenic 8.2 70 7.24 [41.6] 8.2 70 N5 1500




Sediment Quality Criteria

e
¥

HK-18QVs (mg/ke)

CANADA (mg'kg) | NOAA (g/kg)

NETHERLANDS (my/ky)

Contamination

Threshold/probable

Lffects Range

Provisional Test/warning

(rganics Classification lifTects Level Value
Lower himit | Upper limit L hrf:]]m Probable | Low | Median Test Wamning
Acenaphthene 6 | 500 16.71] |88.9] 16 00 /
Acenaphthylene 44 G40 |5.87] | [245] 44 11010 / 300
Anthracenc 85.3 | 103 [46.9] [128] 85,3 640 =0 !
IFluorene 19 540 23 [144] [19] 540 ! !
Naphthalene 160} 2100 34.6 [391] 1 640) 2100 ! !
Phenanthrene 2410 | 500 86.7 544 240 1 51 | K] [300]
Low mol, wit. PAHs 552 J16i i ! 35 3160 { /
Benzolalanthracene 261 1600 [74.5] 693 261 1600 R0 [300]
‘Benzo[a]pyrene 4302 1600 ~| (8BS 763 430 1600 80 [300]
Chryscne 840 2800 Y1087 846 3847 2800 [80] [300]
Dibenzo[a;h]anthracene 63.4% 260 [6.22] [135] 63.4 260 R0 300
Fluoranthene i) 51400 [113] 1494 600 5100 200 | 700
Pyrene 6635 2600 153 1398 665 2600 [80] [300]
High mol. wi. PAHs 1700 SO0 i ! [ 700 GG ! .-’__ -
|
Total PAlls 4022 44742 f 4027 447492 [460] [ 1700] ‘
Total PCl3s 2.7 ns 21,5 189 BT 180} 1203] | 401




Sediment Quality Criteria

FFA

HK-ISOQVs (mgfkg)

CANADA (mg/lky)

NOAA (me/ke)

NETHERLANDS (mg/kg)

(pfz 1)

Orpanics Contamination Threshold/probable Fffects Ranpe Provisional Testwarning
{cont.) Classification Filects Level i ange Value
Loneer lomit| Upper limit| Threshold | Probable | Low | Median Test Warning
pp’-DDE (4,4'-DDE) 2.2 ns [2.07] 374 22 271 i !
Total DDT 1.58 ns 3.89 1T [1.58] [46.1] 2 30
Bis(2- 182 2647
cthylhexyliphthalate
Chlardane 226 4.79
Lindane [0.32] {1.99
Organometallics
TBT in interstitial water 13 ns

(o 190y )




Human Health Guidelines

Heavy metals

#b
TDI in mg/person/day
(mostly from FDA, USA)

Level of Concern mgfg i scafood
{low consumption group)

Level of Concern mg/g in seafood
{(high consumption group)

Arsenic 130 2.95 1:12
Cadmimm 33 L5 047
Chromium 200 4.55 72

Copper 4000 (1 -10yr) 9.09 345

2000 {adults) 45.45 17.24
[ron ROOO (1-10 yr) 181.82 (8.97
TAOO0 Cadulis) ERE 12004
Mercury 16 (.36 .14
Manganese 1000 (1-1( yn) 22,73 8.62
2500 (adulis) 50,82 21.55
Nickel 120} AR 1034
Lead O {11-0 vr) 0.14 .05
15 {7-adulis) .34 013
25 {pregnant women) 0.57 0.22
75 {adulis) 1.7 0.65
FANTE SOO0(1-110 yr) 113.64 - 43,1
5.0 Cadulis) 34091 126,31
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Human Health Guidelines

TDI in

Level of Concern

Human health Quality Criteria

Malaysian Aquatic

Danish Standard

mg/persondday | momgdg i (ish from Malaysia (ng/l) Life Standard (ng/1) {ngdl)
Pesticides :
Chlordanc
PITAONR ki) g 100 4 2
Endosulfan 4.8 0.3 10000 10 1
Heptachlor 4.8 S0 fil) 4
Endrin 4.8 0.3 fif)
Aldrin 48 20
Dieldrin 4.8 20 it 11
Lindane [.0-5 0o1-0.5 2000
Persistent trave
Grganics
Tatal PCls 4+

* Lec et al. (1992) Lebebsmittelehemie 46: 90-93,

Organometallics

TDI in I‘I}gfl‘.lct's_ﬂ]{-':d:!}f

Level of Cancern in mgfp i
mussels

Lnvironmental Quality Standard
in waler in the UK (ngdl)

TBT

~

Butvlun

| %% {hased on an average adult

weight of 60 k)

% Kannan et al, (1995) Enviranmental Pollution 90:279-29(0),

PSP oxins

WHO guideline in MUk

FDA guideline in ng/100g shellfish tissue

PSP

00

80






