Available online awww.scholarsresearchlibracom

xq,'\0|°9/'¢6/

Scholars Research Scholars Research Library

?S\nals o
9‘)49959‘6

7y
Annals of Biological Research, 2015, 6 (10):32-42

(http://scholarsresearchlibrary.com/archive.html) Libra ry
ISSN 0976-1233

CODEN (USA): ABRNBW

Analysis of wasteloading (N and P) of Brgy. Sapang | V-1, Ternate, Caviteto Maragondon
River, Philippines

Marlon C. Parga

Biological Sciences Department, College of SciemmkComputer Studies, De La Salle University — Ragmas,
Cavite, Phiippines

ABSTRACT

Waste loading analysis was done for the Maragondeer by Barangay Sapang IV-l in Ternate, Caviténgs
chemical hydrographic data and geographic inforraatsystems. Results show that Barangay Sapangilnates
high nitrogen and phosphorus load coming from hboiks and urban runoff created by low incidenceprper
sewage treatments. Community maps were madengil@IS as a tool to establish specific sites whmidutants
occur. It is recommended that the municipal govemnintreate effective programs to decrease waste tfoahe
river since the latter is an important source @klihood for the stakeholders.

INTRODUCTION

Population increase is one of the pressing andngettissues faced today by human societies [1iis ihcrease in
population has triggered an increase in the nundbepeople living in coastal areas. About half therld's
population of which most are found in the worldsde cities, together with the world’'s agricultumed a high
proportion of the infrastructure associated witdngport lie within about 100 km of the coastling S reported by
Gouldie [1], these anthropogenic impacts on coastzds have become severe in the last decades.nHagtiaties
in the coastal areas have impacted greatly on ltfleabbiogeochemical cycles of many elements andpounds
which will not only have direct effects on ecosystand environmental quality and sustainability also has an
indirect effect on climate change. One of thesetrhighly dense coastal areas are estuaries. Essuare very
dynamic systems since physical and chemical chamgestantly changes due to fluctuations of biolabic
populations fluctuate dependent also to naturelesyReactive materials like nutrients behave differenilie to
adjustments caused by matter cycling and many at@mreactions acting independently and sometimes
synergistically. Unfortunately, there is a worldeithadequate availability of data on types, rated eauses of
changes to coastal ecosystems. Tracking envirotaneimanges also are proven to be difficult fouages due to
distinguishing impacts of human actions and natuaalations [3]. With the increasing population atsdecological
impact, data are important in the formulation ehional and integrated long-term strategy for ghstainability of
coastal areas especially with climate change [Afesiestuaries are often considered to be net hetphic
ecosystems and act as a source of CO2.

One of the direct impacts of anthropogenic acsgitin the estuaries is pollution. Estuaries arasaia which
anthropogenic effects have its most direct inflieedae to increased nutrient loads which triggermarease hazard
of adverse impacts. Dynamics of these impactseselts of complex chain of events varying overatiéht scales
in space and time. This can be ultimately attridutethe accumulation of anthropogenic nitrogen phdsphorus
in river water on its way to the ocean [5]. Domestiaste constitutes a major pollutant contributorcoastal

32
Scholars Research Library



Marlon C. Parga Annals of Biological Research, 2015, 6 (10):

systems in the Philippines due to low complianceséptic tanks and sewage treatment tanks facjlitiestal
Nitrogen (TN) and Total Phosphorus (TP) loading sameasured scientifically through community piradj [6].

Maragondon river, located in the province of Caviseone of the major tributaries of Manila Bay 4,200 kni
water system that has economic, historical ancduallimportance. One of the municipalities transthby the
river is Ternate. Ternate (3%’ N, 12050’ E) is a fourth class lowland municipality corigamg of 10 barangays. It
has an area of 54.7 Kif#,350 ha) with a population of 33,604 (2007) ardeasity of 374/krh It is bounded on
the South by the municipalities of Maragondon amicNEast by Naic, West by Nasugbu and North byiMaBay.
Since it is coastal community, fishing and touriare its major economic activities. Brgy. SabangA{Sabang 1)
is one of Ternate’s barangays that is located enwtest riverbank of Maragondon River with fishirgyits major
source of income.

This research determined the waste loading in tefmgrogen and phosphate of Brgy. Sabang asitialistudy in
measuring the total waste loading of all coastahmuinities to Maragondon river. This research wiltegan
essential understanding on the ecological and kimatal dynamics of the relationship of human comities to
the coastal ecosystem. It aims to provide thetirt&ins and policy makers a grasp and a tool imfdating an
integrated management program pertaining to polutontrol in coastal areas.

MATERIALSAND METHODS

Study Site

Barangay Sapang IV-l with coordinates®a4t N, 12650’ E is one of the ten barangays of the Munictyadif

Ternate in the Province of Cavite. It is locatedtlo® west riverbank of Maragondon River with fighiss its major
source of income (Figure 1). The site is suitald@ue for waste loading studies since (1). The isiten the
marginal side of the riverbank; (2) Initial visuabservation shows that household runoff drains tht® river.
Proper requests were made to authorities in coimdpttte study.

Figure 1. Barangay Sapang | V-l in Ternate, Cavite (Taken from Google Earth, downloaded June 23, 2011)

Data Gathering

Community profiling was conducted in the barangayiny the months of November to February 2010 u§ing-
to-face interview and municipal data. The followidgta were gathered following the procedure of Bago-
McGlone et. al. [6]:

a.Number of Households

b.Number of Livestocks

c.Aquaculture Production

d.Number of Household with Septic Tanks
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A global positioning system (GPS) was used in thiection of geographic data and also based on dataing
from municipal government. Data on soil erosion amecipitation was taken from the Provincial Agitaual
Office and Bureau of Agricultural Statistics welsitCommunity mapping using a Quantum GIS Versién71.
software was used to create GlS-based data witiniead assistance provided by the Lasallian Inifior the
Environment (LIFE) of  De La Salle Philippines.

Water samples, for Biological Oxygen Demand (BO&9ding, were collected from Maragondon river coniiog
two (2) stations. Station 1 will be located aboitieters upstream and Station about 10 metersdoam of
the study site following the procedures suggested/dliela et. al [7]. Water samples were preseraed read
following standard protocols. One-way ANOVA will betilized to determine significant difference betme
upstream and downstream BOD.

Data Analysis

Chemical hydrographic data analysis were baseti®@détermination of Total Nitrogen (TN) and TothbBphorus
(TP) using WHO and standard procedures [6] . Digsbinorganic nitrogen (DIP) and dissolved inorigan
phosphorus were computed following stoichiometoigrfula done by various authors [8] and [9].

GIS-based data was used in knowing the highesteswf domestic pollution and establishing theti@tship of
the human community to the river and the coastadgstem.

RESULTS

Community profile

Barangay Sabang (Figure 2) was found to have alatipu of 6,564 individuals distributed into 1,5A6useholds
in an area of 5.4 kmbased on municipal records. Most of its populaggenomic activity is either related to
fishing/aquaculture or tourism working as resorptoyees.

Table 1 presents the summary of the profile of Biggbang V-1 (Sabang 1). Results shows that h&6Po
(1,242) of the total households do not have pragererage systems. Domestic waste are directly ddinmpe the
river system. Livestock is composed of backyardgeiges and feral poultry are common which waste ase
untreated. The Maragondon river plays an impontalet in the community’s aquaculture activity beitgprimary
aquaculture site. The organization of the aquarelltisiness is not synonymous with business witiparate
identities but rather dependent on who owns thensiea tools of productiorb&ncaor net owners). This is typical
of any underground economic activity in the coun8ince there is no accounting records of prodactstimates
from owners and caretakers of the aquaculture dene. Based on estimates, 51 tons of milkfish ahdrspecies
are being produced per year together with aboutoh2 of prawn and other related species in a yéan-point
agricultural run-off were estimated to be 86.42stomhis may be due to the topographic charactesisif the
barangay being nedts. Palay-palay/Mataas na Gulderotected Landscape.

Table 1. Community Profile of Barangay Sabang | V-1 (Sabang 1) in the M unicipality of Ternate, Province of Cavite

Profile Activity
Population 6,564 persons
Unsewered households 1,576 households
Livestock*
a.Piggery 89 heads
b.Poultry (feral & caged) 73 heads
Aquaculture*
a.Milkfish and others species 51 tons/year
b.Prawr 12 tonsl/yee
Non-point Agricultural runoff** 86.42 tons/year

Legend: * based on interview accounts and obsemat
**estimation coming from Provincial Agricultural @e and various sources

Community Map

Figure 4 shows the GIS-based community maps of .Bégypang V-l (Sabang 1) showing distinct and intgoatr
landmarks. Based on the map, households and edom@ativity are concentrated geographically betwdentwo
river systems of Maragondon River (Figure 3). Tlaisd distribution set-up is common to the Philiggrand in

34
Scholars Research Library



Marlon C. Parga Annals of Biological Research, 2015, 6 (10):

most parts of the world where high economic agésitare usually found near coastal areas. BaraBghgng can
be said to be a major contributor of waste loathéoMaragondon River system.

Maragondon River

LEGEND
RIVER

TREES & OPEN AREA
AREA

STREETS

HOUSES

g0 EENE

Figure 2. GI S-Based Community Map of Brgy. Sabang | V-1 (Sabang 1).

a 300
1m

QGIS 2012

Figure 3. GI S-Based Community Map of Brgy. Sabang I V-1 (Sabang 1) Showing Concentration of Economic Activity and
Household Distribution between the Two River Systems

Chemical Hydrography

Chemical hydrography of the waste load (Nitroged Bhosphate) of Barangay Sapang V-l is shown iblera
using stoichiometric formula suggested by San-DiecGlone and co-workers [6] . Total nitrogen loeg (TN)
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was computed to be 84.06 tons/year while 25.39%yens was from total phosphorus loading (TP). Tdtasolved
inorganic nitrogen (TDIN) from waste loading wasmuuted to be 573.43 mol/year and total dissolvedganic
phosphorus (TDIP) is 102.37 mol/year giving a DINPDratio of about 5.57:1 contribution coming from
anthropogenic sources. For TN highest contribusourban runoff (52.92% of total TN) and househaddrses
(45% of TN) (Figure 7). This may be due to highidlemce of households without proper treatment ifas| of
wastewater. While for TP, household sources aréhitieest contributor at 73% followed by urban rudretf 43%
caused by the detergents and domestic waste as soaj@es of phosphate loading (Figure 8).

Table 2. Nitrogen and Phosporus L oading of Brgy. Sapang 1V-I to Maragondon River System Coming from Anthropogenic
Sour ces Using Stoichiometric For mulas

Economic Activit Total N Total P DIN DIP
y (kglyr) (kglyr) mol/yr mollyr

A. Household
a. Solid Waste 12209.04] 2428.68 82.8470%71 9.7%64
b. Domestic Sewage 26256 6564 178.165714 26.4677419
c. Detergent 6564 26.4677419
Sub-Total 38465.04 15556.68 | 261.012771 | 62.7285484
B. Urban Funoff
unsewered Areas 44572.1 9383.6 302.4585 37.8371
Sub-Total [ 445721 9383.6 302.4535 37.8371
C. Livestock
a. Piggery 649.7 204.7 4.408679 0.825403
b. Foultry 21.¢ 51.1 0.14860° 0.20604:
Sub-Total 671.6 255.8 4557286 1.031452
D. Aquaculture
a. Milkfish 147.9 132.6 1.003607 0.534677
b. Prawn 62.4 56.4 0.423429 0.227419
Sub-Total 210.3 189 1.427036 0.762097
E. Nor-point agicultural
runoff 145.1856 3.4568 0.985188 0.013939
Sub-Total 145.1856 3.4568 0.985188 0.013939
TOTAL 84064.2256 | 25388.5368 | 570.435817 | 102.373132
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Figure 4. Relative Distribution of Total Nitrogen (TN) and Total Phosphate (TP) L oads of Brgy. Sapang | V-1 to Marangondon River
System from Anthropogenic Sour ces
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Figure 5. Per centage Distribution of Total Nitrogen (TN) Load of Brgy. Sapang V-1 to Marangondon River Systems
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Figure 6. Percentage Distribution of Total Phospate (TP) load of Brgy. Sapang | V-l to Marangondon River Systems

Biological oxygen demand (BOD) of water samplesrfriMaragondon river system shows that mean upstream
(station 1) BOD readings to be 5.21 mg/L and meawndtream (Station 2) readings of 4.89 mg/L duting
sampling months (Figures 9 and 10). DENR standendsiote that the readings classify the river imteof BOD

as Class C surface water. One-way ANOVA result shtivat there is significant difference between rsedtis
connotes that there is an increase in organic hgatti the Maragondon river between sampling poitdsing the
stoichiometric formula suggested by McGlone andwookers (2000), mean TN and TP loading for the
Maragondon river are 2.60 mg/L and 0.22 mg/L fostegam and 2.44 mg/L and 0.20 mg/L for downstream,
respectively (Table 3). This shows
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Figure 7. BOD (in mg/L) Readings of Maragondon River in Stations 1 (upstream) and 2 (downstream) during Sampling M onths

Station 2

Station 1

Figure 8. Sampling Sitesin M aragondon River Showing Stations 1 and 2. (Google map)

Table3. Mean TN and TP of Maragondon River Based on BOD Readingsfrom Two Sampling Sites

Mean BOD TN TP
(mg/L) (mg/L) | (mg/L)
Station 1 5.21 2.60 0.22
Station 2 4.89 244 0.20

that domestic loading are contributed by Barangaya8g 1V-I and other barangays located on the eebtmnk of
the river (Figure 10). The total contribution dfl &nd TP by Brgy. Sapang V-l is determined to BeDZ tons/year
and 20.93 tons/year, respectively. How large aesehcontributions compared to the waste loads pbsife and
adjacent barangays needs to be determined.
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DISCUSSION

Many workers have reported that N and P fluxes dwaide have increased significantly by more thametdr of
two over the last centuries [10This is due to the massive influx of human actdgtibased on land use and
discharge of waste products in surface waters [Igse waste (nutrient) loading are composed ofyrparameters
(Figure 11). N and P and important indicators o$tedoading due to the following reasons:

Precipitation Evaporation
v T
Residual Flux < <«——FRunoff
<4—— Groundwater
Mixing Flux <+—> Maragondon River <4—Sewage/Waste

Figure 9. Sourcesof Nutrient Loadsin a Coastal Water Body duetoitsInteraction with Land and Human Systems[10]

1.These elements, together with carbon, are neededifés processes. Nitrogen is a key element iotgn
synthesis and phosphorus is a key element in AdByation [12].

2.N and P have major global sinks and sources (lac€lan, atmosphere) that are depleted in the opesnday
biogeochemical processes, potentially altering aggiobl function. Imbalance of which can cause gmlu and
maldistribution of biomass changing life’s processe

3.Environmental transformations associated with apbgenic activities are altering the biogeochemigales of
these elements. For example, discharge of wastesamége products from human-made activities ineseas
concentrations of these elements in surface wgdgrkand-use practices also alter these conceéotrsthat brings
in dramatic disruptions of coastal and estuarinesgstems These changes may have implications dihHea.
algal blooms and water-borne diseases) but widl hfs/e dire socio-economic impacts [13].

It is therefore imperative that knowledge aboutrieat (waste) loading and transformations on land & the
coastal zone is needed to help create importanetadtive management programs for environmentélrasource
conservation. During the last decades, most ofktievledge on nutrient (waste) retentions and ti@nsdtions
were based on temperate regions [3]; [13]. But Kedge and predictions and measurement in tropegibns are
increasing. In the Philippines, few researchesis field were reported and since the coastal avé#se country is
much bigger than its land areas important studireshe relationship and impacts of land ecosystemsotistal
ecosystems must be made.

The DIN and DIP ratio of about 6:1 from waste degfes contributed by Barangay Sapang IV-I stillfoans to
the modified Redfield ratio of 6:1 to 16:1 [14]. dugh, it is important to determine how this loadektive to the
total DIP and DIN load of the upstream and dowmstreommunities contribution to the river. This vafitablish if
the Maragondon river system is able to breakdowstevenputs and export most of these as N and Bfduanila

bay. Studies by Rubio and Pareja [15] indicate thare is a very high organic loading in Maragamdiver.

Determination of how much this loading is in teraigpercentage or proportion that is contributedBbgy. Sapang
IV-1is also needed.

The high TN and TP loading at the river accountednfthe barangay can be attributed from the higbufadion
density near the river banks. Aggravating thishis severe lack of sewer treatment facilities fathlbdomestic and
livestock waste. This is together with a high jpiation rate and being adjacent kdts. Palay-palaywhich
contributes to high runoff. Though, season magtémportant factor if Barangay Sabang IV-I is asphorus (P)
source or sink, further studies should be donenduttie summer months. According to Noriega and jrfld] ,
dry seasons make coastal communities as sinkssofde reduction of rainfall decreases runoff terss Rainfall
usually contributes to heterotrophic water envirenindue to the increase in the contribution ofetgrial organic
storage [6]. However, increase precipitation atsreéases nitrogen and phosphorus loads in estjadésvhich
would benefit autotrophic metabolism, especiallyunban and agricultural areas. The DIN and DIP afadgay
Sabang IV-I is also much higher than the DIN an& Biver of Jaobotao and Pirapama rivers in Brdal[ The
barangay also presents a per capita load for theaddadon river basin of 0.105 moles and 0.02 mofd3IN and
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DIP per year, respectively. This translates tosa than one kilogram/person/kilogram contributien year of DIN

and DIP. The values reflect the high populationsitgrand low runoff, according to Smith et. al. Jbit this needs
to be investigated for a one whole year time sgttohvalidate. The greatest concentration of hoolsishis found

between the river systems (Figure 12). Economitvicts also prominent to these sites. This cdnites to the
vulnerability of the river to both point and noniposources of pollution [16]. It is important thebmmunity

profiles be represented by community maps sincedig@ates a clearer visual representation of impbgarameters
for natural resources management [17]. The mappfnigouseholds of Barangay Sapang IV-l can be a faol
policy makers to pinpoint specific problems andnfalate more effective and efficient policies andgrams.

Proper interventions must be made by the munigjoalernments on households with low compliance fice
tanks (Figure 11), high incidence of livestock éieis (Figure 12) and source of agricultural run@figure 13).

500
r 1 degrees

©QeIs 2012
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Figure 11. L ocations of Householdsin Brgy. Sapang | V-l with the Lowest Number of Proper Sewer Treatment Facilities
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Figure 12. L ocations of Households in Barangay Sapang | V-1 with High Density of Piggeries
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Figure 13. Locations of Possible Sour ces of Agricultural Runoffs (shaded) in Bar angay Sapang | V-I

Recommendations

It is recommended that the municipal governmenratereffective programs to decrease waste loacetoithr since
the latter is an important source of livelihood floe stakeholders. The following are possible irgptions:

1. Establishment of a municipal sewage treatment plant

2. Formulation and implementation of a polluters fegrpent system.

3. Creation of a Water Quality Management Councilfaragondon River composed of various representative

the stakeholders.
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