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SUMMARY 

This study had two aims. The first aim of was to gain insight into the pattems afwastewater 
discharge in and around the City ofBais, in the Philippines and the relative contribution of 
local sourees to the total waste load entering Bais Bay. Thesecondaim ofthis study was to 
improve the wastewater instanation ofthe Universa! Robina Sugar Milling Corporation, or 
URSUMCO. 

Bais City is located in the province Negros Oriental, 45 km north ofthe provincial capital 
Dumaguete City. A mass fish kill, caused by one ofthe sugar mills in the area has resulted 
in growing concern with regard to the contentsof wastewater generated by various sources. 
An overview has been made ofthe liquid wastes offour sectors: dornestic waste, industrial 
waste, agricultural waste and waste originating from aquaculture. 

Waste loads for the different sectors have been estimated with three methods: 
laboratory measurements for one ofthe sugar mills, a mass balance for the aquacultmal 
sector and these two methods were complemented with the Rapid Assessment method for 
the other sectors. Labaratory measurements are the most reliable method to measure 
concentrations of pollutant. However it was not possible to perform laboratory tests for all 
sectors. It would have been too expensive and time consuming. In cage aquaculture it is 
even impossible to take samples ofwastewater, because the cages are in constant interaction 
with the surrounding sea. The mass balance that was used for the aquacultural sector can be 
summarized as follows: the production ofnutrients (nitrogen or phosphorus) equals the 
difference between the input in feeds and the amount that is absorbed by the cultured fish. 
For all other sectors and activities where noother detailed information was present, the 
Rapid Assessment method was used. This method was developed by A. Economopoulos for 
the W orld Health Organization. It is a statistica! method with which production data can be 
used to estimate waste loads generated by various sourees and activities. 

Results of the waste laad assessment 

This study shows that dornestic wastes are by far the most important souree ofpollution. 
Contrary to popular beliefthe sugar mills contribute the lowest share in organic waste ofthe 
four examined sectors. This is mainly due to the fact that these factories have a wastewater 
treatment instaBation and the other sectors do not have these control mechanisms. Without 
the waste stabilization ponds the released loads would be much higher, comparable to that of 
dornestic waste. The mass fish kill that occurred shows the importance of a properly 
functioning waste stabilization pond for the sugar mills. 

The most striking finding is the contribution of organic waste of the aquacultmal sector to 
the pollution. The waste loads were calculated for intensive and semi-intensive fish farms. 
The assumption ~hat aquaculture does not significantly contribute to pollution does not seem 
to be valid. 

With regard to nutrient release (total nitrogen and total phosphorus) the agricultural sector is 
the largest contributor to nutrient release. The contribution ofthe intensive poultry operators 
takes an important place within this sector. The dornestic nutrient release takes a second 
place in the nutrient release. The contribution ofthe sugar mills is negligible. 
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Improving URSUMCO 's waste stabilization ponds 

As stated earlier, thesecondaim ofthe study was to improve the wastewater installation of 
one ofthe sugar mills, URSUMCO. Although the sugar mills do not contribute a large share 
of waste, they are an important souree because they are point sources. The other sectors 
produce waste over a larger area and the expected impact ofthat pollution is therefore 
expected to be less severe. The mass fish kill that occurred is a good example of the effects 
on the bay when URSUMCO's waste stabilization ponds are noteperating well. 

Laberatory measurements performed inside the waste stabilization ponds show that the 
ponds are eperating in an anoxic state. This suggests that the ponds are overloaded and that 
the BOD5 concentratien ofthe influent is too high. By adapting the lagoons, the BOD5 

concentratien will be lowered and this will increase the process efficiency. A plug flow 
model was assumed for the ponds and the first order kinetic constant was calculated over the 
first three ponds. With this kinetic constant the performance of a newly built fourth lagoon 
could be estimated. The performance was calculated for two scenario's regarding the 
volume ofthe wastewater discharged. The first scenario was a 'normal' flow scenario, based 
on the wastewater discharge under normal process conditions. The second scenario 
represented the conditions under a sustained peak flow. The calculations showed that the 
fourth lagoon is expected not to be capable ofhandling the sustained peak flow regime. To 
comply with the environmental standards on industrial wastewater an additionalland area is 
necessary of 11.5 ha. 

Two other options have been reviewed as well. The first option for improvement was the 
construction of an anaerobic pond prior to the current lagoons. In this type of pond the 
microbial population consists of facultative and strictly anaerobic bacteria that digest the 
organic materials be ways of fermentation. To guarantee the anaerobic state throughout the 
pond an optimal depth of 4 meter is recommended. The calculations showed that when a 
part ofthe present first lagoon would be excavated, the required additionalland to comply 
with geverrunent regulations is more than halved to 4.7 ha. 

The second op ti on to treat the wastewater is the construction of an aeration pond, before the 
current lagoons. In an aeration pond oxygen is introduced into the water by means of surface 
aerators or diffuser units. The aerobic process is characterized by a large production of 
sludge and this sludge has to be removed in a separate settling tank. In this study an aeration 
pond was designed complete with settling basin. It was shown that the retentien time ofthis 
op ti on was the lowest and that no additionalland is necessary. However this option has the 
largest costs and it requires more maintenance than the other options. 

The designs are compared to maintenance and a general idea is given about the costs. Some 
general design considerations and simple options for improvements are discussed in the last 
chapters. 
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Introduetion 

1. INTRODUCTION 

1.1.1 Background 

This study deals with water pollution sourees in and around the City ofBais in the province 
Negros Griental in the Philippines. The bay located next to the city is called Bais Bay and it is 
the breeding area for many kinds of fish. In March 1997 a mass fish kill occurred in the 
northem part ofBais Bay. Not only wild fish were affected, but also fish poncts taking in fresh 
water from the estuaries ofthe bay experienced a high mortality. One ofthe two sugar mills in 
the neighborhood was blamed for the mass fish killand the Department ofEnergy and Natura! 
Resources (DENR) launched an official investigation. A couple ofyears earlier the other 
sugar mill had already been convicted for causing environmental damages. 

To reduce the pollution ofthe coastal environment and the problems that it is causing in the 
Bais area, the city govemment proposed a Memorandum of Agreement (MoA) between the 
industry, local authorities and the fish pond operators . In this MoA the three actors agree to 
take measures against their own pollution. The industry includes the two sugar mills which 
discharge the effluent oftheir production process into the estuaries ofBais Bay. The city 
govemment is also responsible forsome ofthe pollution caused by sewers and drainage 
canals that discharge water into the bay without any proper treatment. Although the local 
govemment and a sugar mill are willing to sign the MoA, the fish pond operators refuse to do 
so. They see themselves solely as victims oflow water quality and argue that they are not an 
important souree ofpollution. The fish pondowners depend on the sea water for the rearing of 
their fish. At the end ofthe production cycle, a pond's water is discharged into the bay. 
Therefore local fish pond operators can also be expected to be responsible for some of the 
pollution. This study tries to contribute to the discussion by assessing the quantity and quality 
ofthe pollution caused byeach ofthe actors and drawupsome useful recommendations 
regarding possibilities for reduction. 

The research was carried out in the Philippines for a seven month period from April to 
November 1997. The Central Visayas Polytechnic College (CVPC) ofDumaguete City was 
acting as host organization and during this period the facilities ofthe satellite campus in Bais 
City were used. The original assignment hadastrong focus on the wastewater ofthe 
Universa! Robina Sugar Milling Corporatien (URSUMCO). In the first months research was 
carried out in their Chemica! Control Laboratory. The remairring time was used to make a 
survey of other polluting activities in the area. Questionnaires were distributed among 
hacienda and fish pondowners to get a detailed insight into methods of production and the 
environmental consequences of these methods. 

In the second part of this study the attention is focused on the wastewater assessment of 
sourees around Bais Bay. Different sectors will be discussed regarding their contribution to 
the pollution load and compared toeach other. In the third part ofthis study some options are 
discussed for the impravement ofthe wastewater treatment installation ofURSUMCO. Two 
different designs will be discussed basedon the current performance ofthe treatment 
installation. 
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Introduetion 

1.1.2 Research questions and aims of the research 

For this research two different aims can now be distinguished. The first aim centers on the 
need to gain insight into the pattemsof wastewater discharge in and around Bais City and the 
relative contribution of various local sourees to the total waste load. An assessment should be 
made ofthe various polluters and the effluents they discharge. This part ofthe research should 
give an overview of all the human sourees ofpollution in the bay. It should provide an 
overview of the average waste load and strength of the wastewater. Also some possible 
reductions and the prevention ofpollution will be discussed. This could then be used by Iocal 
environmental authorities to identify areas where environmental policy could be implemented 
most effectively. This way this study can contribute to the sustainable development ofthe 
reg10n. 

Thesecondaim ofthe research is to imprave the wastewater treatment instanation at one of 
the sugar mills (URSUMCO) in order to remave the polluting effects of its wastewater. A new 
design oftheir wastewater treatment instanation should make their effluent comply with the 
environmentallaws set by the govemment. Several possible treatment types will be reviewed 
in terms of process efficiency, costs of equipment, maintenance and labor requirements in 
order for URSUMCO to choose the treatment installation that they find the most attractive. 

These aims lead to the following research questions: 
• What sourees of wastewater and water pollution can be identified in the Bais City co as tal 

area? 
• What characteristics has this pollution in termsof volume and strength ofpollution? 
• What is the contribution of each source, compared with all the other sources, in the total 

pollution entering the Bais Bay ? 
• What measures can betaken to reduce the environmental impact ofthe pollution ofthe 

different sourees? 
• How can the treatment installation ofURSUMCO be improved? 
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Figure 2: Map of Ba is City and Bais Bay Souree Silliman Joumal, 1997 (3-4) 

1.1.3 Socio-economie profile ofBais City 

The next paragraphs give a description ofBais. Some important institutions have been 
highlighted. Data for these paragraphs have been taken from the feasibility study on the 
establishment of a Economie Zone performed by Grient Integrated Development Consultants, 
Inc. (OIDCI)/Consultants Engineers on Science and Technology (CEST). Other information 
was obtained through the City Planning and Development Office ofBais in the form ofthe 
'Comprehensive Land Use Plan and Zoning Ordinance 1996- 2005 '. 
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Introduetion 

Location 
Bais is one ofthe three cities in the province Negros Oriental. It is 45 km north ofDumaguete, 
the province capital. Surrounding it lie the municipalities ofTanjay, Bayawan, Mabinay and 
Manjuyod. Bais is divided into 35 communities or barangays1 with a totalland area of 31,690 
hectares. 

Popu/ation 
In 1990 Bais City had a total popuiatien of 59,591. The popuiatien for 1997 was estimated on 
64,926 based on a growth rate of 1.8 % per annum. Total househeld popuiatien according to 
the 1990 census was 11,061. Bais City is a rural city with only 19,90% ofthe popuiatien 
living in the urban center and the remaining share in the rural barangays. Labor force is 
estimated at 56% ofthe total population. An estimated 75 % ofthe labor force include 
artisans, fishermen and hacienda werkers. Twentypercent consistsof workers in govemment 
institutions, schools, small business enterprises and the industry, i.e. the two sugar mills. The 
remaining 5 % represents the Jandowners of large productive sugar cane areas and the small 
scale farm operators 

Agriculture 
Agriculture dominates the land use. It occupies a share of 60.2 % of the te talland area of the 
city. Main agricultural crops are sugar cane, coconuts and com. An average yield in 1992 was 
computed of2.50 MT/ ha. for the sugar cane plantations. This amounted toa total production 
of 20,162 MT sugar cane. 

Fisheries 
The Bais Bay area is considered as one ofthe richest fishing grounds in the province of 
Negros Oriental. Fishery resources in this area include fish, mollusks, holothurians and sea 
urchins, crustaceans and sea weeds. Bais Bay is exploited by 1,450 fishing families (located in 
Bais, Manjuyod, and Tanjay), who bring in a total catch of79.298 MT per month (Luchavez 
& Abrenica, 1997). Fish ponds also contribute to the fish production ofBais city. Milkfish is 
the predominant species to be cultured with a total302.52 MT in 1994. Prawn farming used to 
be practiced as well, but became economically unfeasible due to an epidemie prawn disease. 

Industry 
Sugar cane milling takes place in two sugar centrals: Central Azucarera de Bais (CAB) and 
the Universa! Robina Sugar Milling Corporatien (URSUMCO). One ofthe sugar mills (CAB) 
also manufactures ga1vanized iron sheets. Other industrial activities in Bais are mainly food 
processing and fumiture manufacturing. However, this is more an artisan practice. With plans 
for an economie zone in the vicinity ofBais City, the city govemment hopes tospur industrial 
activity in the region. The major component ofthis economie zone is the concept ofthe city as 
an 'agri-industrial processing center' and an 'eco-tourism destination'. 

1 A barangay is the smallest socio-politica! administration unit in the Philippines. A barangay captain is the elected 
head/administrator. The term barangay originates from the large outrigger boats that were used by the Malayan 
people to rnigrate to the PhilippiDes in the period from 500 BC to 1500 AD. The boats could hold up to 90 people 
and were probably social groups or extended families (Peters, 1994) 
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Introduetion 

Business and commerce 
Since Bais is mainly an agricultural region, business and commerce are also focused on these 
activities. Although an official Central Business District has been assigned, it camprises 
mainly ofthe market, completed with some shops and offices. Retail and general services 
form the bulk ofthe commercial activities in Bais. 

Education 
Bais has two government run colleges offering tertiary courses with one offering master's 
degrees in public management and educational management. The total classrooms amount to 
30. Two public highschools and a catholic one offer secondary education. Combined 
classroom is 68. Primary education is given at 31 primary schools and three public district 
schools. Participation rate in the elementary level ranged (in the period 1990 to 1995) from 
40 - 60 %. This is high compared to the provincial average of 15 %. 

Infrastructure and basic services 
There are different points of entry toBais City. In the province capita! Dumaguete City there 
is an airport and a sea port. From there it takes a busride of about an hour and fifteen minutes 
to g~t to Bais. Points of entry from Negros Occidental is through Mabinay or San Carlos. 
Land transportation in the province is being served by an asphalt highway that runs through 
the coastal cities ofthe province, including Bais. Within Bais City limits, most roads are 
gravel or earthen type. The Central Azucarera de Bais has constructed a railraad network 
leading to sugar cane fields. During milling season this network can be extended into the 
fields to haul the sugar cane to the mill. 

Power is provided by a geothermal plant in Valencia, a city in the north ofBais. The plant has 
a generating capacity of 112.3 MW and it is serving two islands: Negros and Panay. Water 
supply is provided by 11 pumping stations, controlled by the Bais City Water District. Total 
output of these stations is 4,637 m3/day. The following table gives an overview ofthe number 
and percentage ofhouseholds served with basic services. 

Table 1: Households served with basic services 

Services Householcis Percent ofpop. 
served 

Electricity 5,409 53% 
Water 2,490 24% 
Toilet facilities 5,940 58% 
Garbage collection 2,247 20% 
Drainage 2,247 20% 
Source: CPDO, 1997 

1.1.4 Profile of Bais Bay 
Bais Bay is located on theeast coast of Negros Island. It accupies an area of 54 km2 and is 
divided in North Bais Bay and South Bais Bay by a peninsula called Daco ( or Dewey) Is land. 
Located within North Bais Bay is a small island called Olympia. There are three 
municipalities hordering the Bay. The municipality of Manguyod is located in the Narthem 
part ofBais Bay. The municipality ofTanjay is located on the shares of South Bais Bay. In 
the middle and occupying the majority ofthe area around the Bay, is the City ofBais. There 
are four rivers that empty into Bais Bay. Three afthem (Panambalon River, Alangilanan 
Creek and Tamogong River) empty in North Bais Bay. Panamangan River is the only one that 
empties inside South Bais Bay. 
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Introduetion 

The two Bays are rather shallow, but productive and support a large population offishermen. 
(Walter, 1994 ). The catch of these fishermen consists of fish, crustaceans, mollusks and sea
cucumbers. A total of 159 fish species, belonging to 52 families, 13 crustacean species and 39 
mollusks species were caught in 1992 (Luchavez and Abrenica, 1997). The waters in the bay 
are closely monitored on 'red tide' organisms. Red tide is a poisonous form of algae that in 
high concentrations can cause serious disturbances on the coastal environment. The monthly 
reports of the City Agriculturist Office show that although at present the concentratien of red 
tide algae is very Iow, the concentratien fluctuates with waste discharges from the city and 
sugar mills. Recommendations are made to implement government regulations to bring down 
the waste load entering the bay in order to prevent future problems, (Teves & Alcazar, 1996). 

t 
ll 

I 
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Waste Load Assessment 

2. WASTE LOAD ASSESSMENT 

2.1 METHODOLOGY 

2.1.1 Sourees identification 

In order to assess the total pollution entering Bais Bay, first an overview had to be made of all 
the possible sources. This was dorrebasedon data ofthe City Planning Office ofBais City: the 
Comprehensive Land Use Plan and Zoning Ordinance, literature on Bais Bay as published by 
Silliman University (Silliman Journal, October 1997) and interviews with key persons ofBais 
City. 

Environmental disturbances in Bais Bay can be divided into natura! and man-made 
disturbances. Natura! disturbances include the northeast monsoon, which hits during the 
months November to April, occasional typhoons and rains and the silt brought with the rivers. 
Calumpong and Luchavez (1997) gave an overview ofhuman sourees ofpollution. These 
include effluents from industrial plants, dornestic sewage, agricultural and fish pond runoff, 
dynamite fishing and fishing with poisons, oil from beats and ships and destructien of 
mangroves. Industrial wastes include: the effluents from the sugar mills and the effluent from 
the galvanized iron production. According to Calumpong and Luchavezone ofthe most 
important sourees ofpollution is this effluent from the sugar mills. In the pastanother incident 
concerning a massive fish kill by depletion of dissolved oxygen was due to the direct discharge 
ofraw effluent ofthe Central Azucarera de Bais (CAB). Dornestic sewage enters the bay 
through the Tamogong river that runs through the city center. The inhabitants ofDaco island 
arealso a souree of dornestic liquid waste. Agricultural and fish pond run offwill contain 
fertilizers and ether chemieals such as pesticides. Oil pollution originates from oil spills caused 
by motorized fishing beats and the occasional cargo ships that take in molasses2 from the sugar 
mills. An additional negative human impact is caused by over fishing the Bay and the use of 
illegal fishing techniques such as fishing with dynamite and poisen. Mangroves are being cut 
down for fuel and the construction of new fish ponds. 

Based on the foregoing information four types of pollution categones were identified: 
1. Industrial wastes 
2. Dornestic wastes 
3. Agricultural wastes 
4. Aquacultural wastes 

Forthese types a characterization will be given ofthe wastewater. Oil spilis and the effect of 
dynamite fishing have beenleftout ofthe analysis. This pollution is considered to be to small 
to count, or to difficult to obtain reliable data from, because ofthe illegitimacy ofthe activity. 
About the contents ofthe rain nothing is known, but previous studies dorre in Lake Victoria, 
Africa, showed that rain can be an important souree ofnutrients inside a body of water (Van 
Horen, 1996). The composition ofrain has beenleftout ofthe analysis because the necessary 
equipment lacked. 

2 Molasses are a by product of the sugar production. 1t is a liquid with sugars, but the concentra ti on of sugar is too 
low to he extracted anyrnore. Molasses are usually being used in the distillation of alcohol. 

7 



Waste Load Assessment 

Research Area 

The coastal area in and around Bais City has been taken as research area. This does nat include 
the whole watershed area. Same parts ofthe municipalities ofManguyod and Tanjay are lying 
inside the watershed as well (Walter, 1994), but only the point sourees in this area that were 
expected to be very important have been included in the analysis. It is expected that, since Bais 
City accupies the largest part ofthe watershed and the coastline ofBais Bay, the resulting error 
will nat be large. Figure 3 shows the research area and the sourees located in it. 

As was mentioned earlier in section 1.1.4 and can be concluded from tigure 3, Bais Bay is 
divided into North Bais Bay and South Bais Bay. It is nat exactly clear what is part ofthe 
watershed ofNorth Bais Bay and what is part of South Bais Bay watershed. Therefore the 
results ofthe waste laad assessment will be summarized over bath the bays. 

2.1.2 Description of chemical components in wastewater 

The pollution afwastewaters is usually measured as the concentration ofvarious components 
in the wastewater. Below an overview is given ofthe co;nponents that have been used in this 
study to describe the pollution laad ofthe various sources. 

Biologica/ Oxygen Demand (BOD) 
The Biologica! Oxygen Demand (BOD5) characterizes the amount of oxygen required for the 
biologica! degradation of organic matenals in the wastewater by aerobic organisms. Usually 
the term BOD5 

20 is used to indicate an incubation time of 5 days and an incubation temperature 
of20 °C. High concentrations ofBOD5 can lead to oxygen depletion in the coastal waters 
which then leads to suffocation of fish and other organisms. 

Chemica/ Oxygen Demand (COD) 
The Chemica! Oxygen Demand, or COD, is also designed to give an indication ofthe oxygen 
consumption ofthe wastewater. The organic matter ofthe wastewater are brought into close 
contact with a strong chemica! oxidant, for instanee dichromate. The COD test is non-specific, 
the oxidant can reduce bath organic and inorganic compounds, but it is aften nat quite clear 
which exactly. This test replaces aften the BOD5 test because it is far more time-efficient than 
the BOD5 test (2- 3 hours compared to 5 days). 

Solicis 
The term solids refers to the matter suspended or dissolved in the wastewater. In high 
concentrations these solids would have a negative effect on the surrounding environment as 
they cover up the bottorn layer ofthe sea with a blanket of fine matter suffocating corals and 
other organisms growing there. 

Four types of solids can be determined: Total Solids refers to the materialleft on a dishafter 
the evaporation of a sample and its subsequent drying in an oven at a prescribed temperature. 
Total Solids can be divided into Total Suspended Solids (TSS) and Total Dissolved Solids 
(TDS). TSS is the portion of particles retained by a filter and TDS is the portion passing 
through the filter. The term Settleable Solids refers to the volume of matter that setties on the 
bottorn of an Irnhoff cone after leaving a sample standing quiescent for one hour. Of these four 
types the Total Suspended Solids is the most important. 
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Total Phosphorus (TP} 
Phosphorus is a necessary nutrient for living organisms. Phosphorus can take the form of 
organic phosphorus or phosphate. The most important mechanism of phosphate to contribute 
to pollution is through the mechanism of eutrophication. An effect of phosphate emissions is 
that it leadstoa reduction in the variety of organisms in the natura! body of water. A lot of 
organisms are used to low-phosphate environments. When phosphate is released in the 
environments these organisms willloose their competitive edge and their place will be taken in 
by other organisms. This leads to less varieties of organisms in the water (Van den 
Nieuwenhof, 1995). 

Total Nitrogen (TN) 
Nitrogen can be present in various farms in the wastewater: ammonia, nitrates, nitrites and 
organic nitrogen. All these different farms ofnitrogen can be transformed to one another by the 
activity ofbacteria. Like phosphate, nitrate contributes to the eutrophication. In coastal waters 
the concentration ofnitrogen is considered the more important ofthe two, because there is 
already a fair amount of phosphorus present in seawater. 

Oil & Grease 
Fats and oils are compounds of alcohols and fatty acids. Fats are among the more stabie 
organic compounds and are not easily decomposed by bacteria, therefore the negative effects 
on the environment will have a prolonged lifetime. Mineral oil and petroleum are also counted 
to this category. Oil will float on the water and can have toxic effects in high concentrations on 
fresh water fish, (Balkema, 1996). 

2.1.3 Methods ofMeasurement 

The concentrations ofpollutants have been determined with three different methods. These 
include: 

• Labaratory measurements 
• Input/output model foraquaculture 
• Rapid Assessment Methad 

Labaratory techniques is the most reliable methad to measure the concentrations ofpollutants, 
because it is a direct method. However it was not possible to perfarm laboratory tests for all 
sectors. It would have been too expensive and time consuming. Foraquaculture an input/ 
output model has been used. Based on literature and feeding data a global insight is gained into 
the origin and quantity ofwastes produced. For the other sectors where noother detailed 
information was available, a statistica! method was used in the form ofthe Rapid Assessment 
method. In the next paragraph the used methods will be discussed in more detail. 

2.1.4 Labaratory techniques 

It was possible to investigate the wastewater ofthe Universa! Robina Sugar Milling 
Corporation with the help oflaboratory techniques. The results of these tests provided insight 
into the contents ofthe raw wastewater and the effectiveness ofthe Waste Stabilization Ponds 
(WSP's) that URSUMCO uses to treat the waste. In the paragraphs below an overview is given 
ofthe procedures foliowed for sample taking and analysis. 
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Methods of sampling and sample preservalion 

Samples of the raw wastewater have been taken in the open canals running the wastewater 
toward the waste stabilization ponds. The samepoint of sample taking was used for every 
sample, which was directly after the entrance ofthe former aeration pond. This pond was at the 
moment of sample taking not in use and a small waterfall insured complete mixing ofthe 
wastewater flow. Both grab samples as wellas composite samples have been taken. Grab 
samples show the characteristics only at the time the sample is taken. Composite samples are 
composed of individual samples taken at different times. The amount of each individual 
sample in the final sample is proportional to the wastewater flow at the time the sample was 
taken. Usually the flows were estimated as having the same volurne and therefore the time 
composites were added at a ratio 1 : 1. The grab samples functioned as a check to see whether 
the composite samples were representative for the average waste load. Most composite 
samples have been taken hourly. Water is recycled within the factory and the water passes a 
central spray pond where it is cooled. It was assumed that this spray pond also functions as a 
buffer that lewers possible peak concentrations. This leads then to the assurnption that 
concentrations of compounds in the wastewater are fairly uniformly distributed with regard to 
time. 

The different time composites were added at a ratio depending on the volurne flow ofthe 
wastewater. The only chemica! parameter that was not analyzed with composite samples was 
the oil & grease content ofthe wastewater. It was observed that a lot of oil stuck to the walls of 
the mixing container after composite samples were put together and mixed. This would lead to 
a low estimate of oil & grease, and therefore only grab samples have been used to analyze this 
parameter. 

Two additional measurements have been made inside the factory. A separate sample was taken 
ofthe reeharging ofthe water softenerand the regeneration ofthe ion exchanger. The effluent 
from this ion exchanger goes out to the lageons in a separate pipeline and this presents a higher 
'shock load' to the lagoons. The ionexchangeris recharged every 16 hours. 

Sample preservation was done in the refrigerator in the URSUMCO laboratory. Samples that 
could not be analyzed at once have been stored in HDPE botties with an approximate volume 
of250, 500 an~ 1,000 ml. Botties were filled up to the neck and frozen. Depending on the 
chemica! parameter to be analyzed concentrated sulfurie acid was added to lower the pH. 

Analysis 

The methodology used in the analysis ofthe wastewater has been copied from the manual: 
"Standard Methods for the Examinatien of Water and Wastewaters." Jointly published by the 
American Public Health Association, The American Waterworks Association and the Water 
Pollution Control Federation ofthe US. Unfortunately notall the prescribed apparatus was 
available, therefore some improvisation was necessary. When different methods were 
described for the same chemica! parameter, the method has been selected that suited the 
availability of chemieals and equipment. Precision and the accuracy played a minor role in this 
choice. Details on the procedures foliowed can be found in appendix A. 
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2.1.5 Input/ output model for aquaculture 

The second methad to quantify waste is an indirect method. It is a mass balance approach 
especially designed for aquaculture. Waste quantification with direct Iabaratory measurements 
is difficult in aquaculture. It demands a large time interval and multiple measurements. 
Labaratory measurements were nat possible here due to lack oftime and equipment. 

The most importantwastesin aquaculture are derived from fish faeces and urine, residual feeds 
and a small portion of chemica! compounds. A mass balance for intensive aquaculture can be 
summarized as follows: The production afwaste (nitrogen or phosphorus) equals the 
difference between the input in the feeds and the amount that is ingested by the cultured fish. 

A disadvantage is that it provides only global information about the contents of the waste. 
Information on how much waste is dissolved or remains as fixed solicts and what kind of 
chemica! compounds arereleasedis nat exactly known. For instanee nitrogen can be released 
as nitrite, nitrate, ammonia and as nitrogen bands in organic compounds, but the mass balance 
gives no information about the distribution ofthe totalloact ofnitrogen among these forms. 

A specific model was developed by Häkanson et al. for Danish sea farms (Pillay, 1992). It uses 
the following equation to estimate the release of nutrients from fish farms: 

L = P · (FCR · Creed- Ctïsh) 

where: 
L = nutrient laad (kg /year) 
P = fish production (kg wet weight I year) 
FCR = Feed Conversion Ratio (kg feedlkg fish) 
Creed = nitrogen and phosphorus concentration in feed (% ofweight) 
cfish = nitrogen and phosphorus concentration in fish (% ofweight) 

The model uses data on the composition and the consumption of feeds, the fish growth and 
species cultured. In the following paragraphs these elements will be discussed in further detail. 
Most research is carried out in Europe (specifically the Scandinavian countries) and these data 
are therefore only available for conditions similar to those in colder climates. However, some 
parameter have also been established for aquaculture under tropical conditions 

Composition and consumption of feeds 

In intensive aquaculture feeds can be divided into dry feeds (mostly pellets), moist feeds and 
wet feeds. In Bais dry pellets are the most popular farm offeeds. Same ofthe administered 
pellets will nat be eaten by the fish. For dry pellets the Ioss offeeds in Danish trout farms is 
estimated to be lying around 1-5%. For cages this percentage is much higher because feeds 
might fall through the bottorn of the cage, or be carried outside the cage by strong currents. 
The estimated lossin marine cage farming ofsalmon is reported to be about 20% (Pillay, 
1992). A typical pellet is built up from protein, fat, and carbohydrates. Beveridge studied the 
average phosphorus content oftilapias feeds typically used in the Philippines. See the table 
below for his data. Total-P content of feeds in other countries for tilapiarange from 1,19 % to 
1.51 % of feed weight. A value of 1.32 % has also been assumed for the Total-P content of the 
milkfish feeds in Bais. For the nitrogen content offeeds usually a range of7.2% to 8% is given 
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for dry pellets (Beveridge,l996; Pillay,l992; Barg,l992) A value of8% has been assumed for 
feeds in the Philippines. 

Table 2:Total-Phosphorus content oftilapia diets used in the Philippines 

Diet 1 
75% rice bran ('cono') 
25% fish meal 

Diet 2 
65% rice bran ('cono') 
1 0% copra meal 
25% fish meal 

Source: Beveridge, 1984 

P ofingre- Pin diet 
dients (%) (%) 

0.41 0.31 
3.97 0.99 

0.41 
0.60 
3.97 

1.30 

0.27 
0.06 
0.99 
1.32 

Fish growth and species composition 

The feeels that are ingested by the fishare used for the fish's metabolism and growth. The 
volume ofthe added feeds compared to the yield in fish tissue is measured inthefeed 
conversion ratio (FCR). Sametimes this FCR already incorporates the loss of feeds that are not 
eaten by the fish. This doesnotaffect the calculations oftotalloads ofwastes, but will affect 
the distribution between the different categories. 

A portion ofthe pellets is not digestible for the fish. This is again excreted as faeces or urine. 
The waste products ofthe metabolism contain: organic carbon, organic nitrogen, ammonium, 
urea, bicarbonate and phosphate. This falls in the same category as the composition ofthe 
feeds. The digestibility ofthe feeds gives information on the particular portion ofthe feeds that 
is excreted. Typical fish tissue can also bedefinedas organic carbon (protein, fat), nitrogen and 
phosphorus content. These characteristics vary for each fish species. Pillay gives typical values 
for fish, basedon the work ofHäkanson. Although intheBais area no rainbrow trout is 
cultured, these values have also been used for milkfish in this study. 

Table 3: Typical compositions offish 

Protein (g /kg) 
Fat (g /kg) 
Nitrogen (g N /kg) 
Phosphorus (g P /kg) 
BOD5 (g 0 2 /kg) 
Sou ree: Pillay, 1992 
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Rainbow trout 
175 
180 
28 
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2.1.6 Rapid Assessment 

The last method used to quanti:fy wastes was the Rapid Assessment method. This method was 
developed by the World Health Organization, (Economopoulos, 1993). The first version ofthe 
method was publisbed in 1982. After several years an improved version was published. The 
methad is basedon (literature) studies ofthe typical waste patterns and compositions of 
polluting sources. Basedon these data it prediets the anticipated leads for various activities. 
The metbod can be summarized with the following equation: 

Raw Waste Load 

S Factors G d Lo d ource type-----~ enerate a s 
Control System 
Effectiveness Factors > Re leased Loads 

The souree type defines the kind of pollution generating activity. Th ere are various souree 
types, for instanee industrial types, dornestic types and agricultural types. Industrial types are 
classified according to the ISIC classification. The souree type also defines the statistica! data 
that have to he gathered to predict the waste leads. For instance: in industrial sourees the 
pollution is often related to units ofproduction. For dornestic wastes the pollution is related to 
the number ofheads in an area or popuiatien sizes. 

The raw waste lead factors give a linear relationship between the souree type and the generated 
pollution, or generaled laad. The raw waste lead factors are expressed in kg pollution /unit of 
production. The raw waste lead factors depend on such things as used process or design 
particularities, age and technological sophistication, maintenance and operating practices and 
the quality of inputs. Economopoulos tried to incorporate all these parameters in the Rapid 
Assessment method, but this was only possible in a broad general fashion. The Rapid 
Assessment methad is therefore only a general instrument of pollution measurement. The raw 
waste lead factors arebasedon the average values of these parameters and offactories that 
could be characterized as standard or typical production systems in the sector. Different 
production processes resulted in separate waste load factors and these have been specified 
separately in the Rapid Assessment methoct's tables. 

Actual waste leads that are released into the environment are called the released loads. The 
difference between the generated leads and the released leads, is determined by the employed 
control system. The effectiveness ofvarious end ofpipe methods depend on the contents ofthe 
wast es and therefore also on the specific souree type. F or every souree type the Rapid 
Assessment method gives a range ofthe most used options and the effectiveness forthese 
particular options. The Control System Efficiency Factor is a number between 1 and 0. When 
this factor equals 1, then there is no waste treatment at all and the generated leads equal the 
released loads. 

The major advant~ge ofthe Rapid Assessment methad is that it gives estimates basedon 
readily available information and that extensive Iabaratory werk can be avoided. This means 
that the Rapid Assessment method reduces the time and financial requirements of 
environmental investigations. There are ho wever also a number of limitations that should he 
kept in mind, because they also limit the reliability ofthis approach: 
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1. The waste Ioad factors are an attempt to incorporate such widely varying parameters as 
eperating practices and design of equipment. The factors are selected to represent as much 
as possible average or typical conditions. However this means that the pollution output of 
individual sourees may vary significantly from the predietien that the rapid assessment 
g1ves. 

2. The accuracy ofthe waste load factors depend also on the nature ofthe source. The linearity 
between souree and waste load is often not well defined. For instanee the impact of scale of 
production on the waste load factors should not be underestimated. Large scale production 
often leads to more effective production processes and thus to a (relatively) reduced level of 
pollution. It is for this reasen that again specific outeernes of individual sourees can differ 
from the predicted values. 

3. The Rapid Assessment procedure gives only an overview of quantities of generated wastes, 
but it gives no indication ofthe impact of these compounds. For example a certain amount 
of organic waste (measured in BOD5) releasedintoa natura! body of water can have very 
different impacts in different situations. In situations where heavy currents dilute the waste, 
high concentratien ofBOD5 may nothave any adverse effects. However in situations with 
stagnant waters the same amount of organic waste can lead to undesirable effects. A similar 
line of argumentation refers to the period within which given discharges take place. An 
amount ofBOD5 dischargedat once can seriously affect natura! circumstances, but the same 
amount of effluent divided over a longer period will have no effects. The Rapid Assessment 
does not differentiate between these situations. This means that the assessor should interpret 
the results for the study to the practical situation. 

Economopoulos acknowledges these disadvantages ofthe Rapid Assessment method, but he 
concludes that in the past decades the Rapid Assessment method has been applied with success 
and that the procedure should be expected to produce an acceptable accuracy. Waste loads 
based on the Rapid Assessment method are only estimates. They give a general idea of 
pollution and although they are not necessarily very accurate, they give a good idea ofthe 
difference in polluting effects ofvarious activities. In this study the values ofEconomopoulos 
are taken as a basis and where possible they are cross checked with other available information 
and with the measurements done at URSUMCO. 
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2.2 INDUSTRIAL W ASTES 

Bais City is mainly a rural area and industry is not abundant. The industry that is present, is 
related to agricultural production. The main industry is provided by the processing of sugar 
cane. One ofthe two sugar mills also has a small galvanized iron sheet factory. In this chapter 
the waste loads originating from these two industrial activities will be discussed. 

2.2.1 The sugar mills 

Two sugar mills are located on the borders ofBais City. On the border with Tanjay, in the 
south, there is the Central Azucarera de Bais (CAB) and hordering the municipality of 
Manguyodin the north is the Universa! Robina Sugar Milling Corporation or URSUMCO. It 
was possible to do laboratory tests on URSUMCO's raw wastewater over a longer period of 
time (approximately one month). First URSUMCO's wastewater is discussed. An overview 
will be given ofthe general waterflowsin and outside the factory. After that some physical 
and chemical properties ofthe wastewater will be discussed. 

Waterjlows 

URSUMCO owns two private deep wells for fresh water supply. It withdraws a total volume 
of 137 cubic meters perhourat full production capacity. The supply is divided between the 
raw sugar factory and the refinery. The raw sugar plant gets 124 m3/hr and the refinery 8 m3/hr. 
The remaining part is used for dornestic purposes at 5 m3/hr. Water is recycled within the 
factory. Hot water from the condensers is cooled in a central spray pond and used again. This 
way only a relatively small part ofthe water in the factory is discharged: only 5 m3/h leaves the 
factory as wastewater, the rest ofthe water evaporates in the spray pond. See appendix C. for 
details ofthe water flows within the factory. 

URSUMCO disposes its wastewater into five lagoons where it undergoes anaerobic and 
facultative treatment processes. The treatment plant was designed to treat wastewater with a 
BOD5 concentration of3000 mg!L and an average flow of 118 m3/day. In the past an aeration 
pond wasalsopart ofthe treatment facilities, but this was located near the open air storage of 
bagasse. Small bagasse3 particles were blown into the pond and were obstructing a proper 
aeration ofthe wastewater in the pond. This aeration pond wasthen abandoned and is now in 
use as an additional anaerobic treatment pond in case the other lagoons are tilled up. The first 
lagoon is divided into four different compartments that operate in series. After treatment the 
effluent is discharged into estuaries ofBais Bay. 

Discharge ofthe wastewater is not continuous but is determined by the level of water in the 
storage tanks and the spray pond rather than another qualitative indicator. Open air canals are 
used to transport the water to the spray pond. A hatch is opened to discharge water to the 
lagoons. Since there was no way of accurately measuring the flow ofthe wastewater, the hatch 
opening was used as an indication. lf during the taking ofthe composite samples the hatch was 
opened at the same height and the flow was the same estimating by eye, the flow was assumed 
to be constant. 

3 Bagasse is the name for cane stalks after milling. It is dried and burned as fuel in the factory. 
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Results 

An overview has been made ofthe results ofthe test that have been conducted. This overview 
is shown in appendix B. The dates of sample taking are shown. The next column shows the 
time intervals at which the composite samples were taken and the number of samples that were 
taken for one composite. lf no figure is given for the time interval then this means that the 
sample was only a grab sample. The most important results are listed below. 

1. Temperature varied between 35 oe and 48 °e. The values for the temperature given for the 
composite samples are the average values for the individual samples combined. 

2. Salinity was found to be low. Every measurement gave a level below 10 %o. This is the 
normallevel for fresh water. The only exception on this was the re generation of the water
softenerand the reeharging ofthe ion-exchange resin. In these processes brine is used and 
this results in a high salinity. 

3. Only the pH values of grab samples are given in the table. The pH ofthe composite samples 
is not depicted, although these have been taken for every sample separately. The pH varied 
between 5.5 and 8.9. 

4. BOD5 values varied greatly for different dilutions ofthe same sample. It was observed that 
the smallest sample size always gave the largest BOD5 numbers. This has been attributed to 
the fact that there are large relative errors measuring the exact volume of small samples and 
these BOD5 measurements have been rejected. The two larger samples sizes were at least in 
the same order of magnitude and within an acceptable range. The test results show that 
BOD5 values range somewhere between 1600 and 2600 mg/1. 

5. Concentratien ofTetal Solids varied between 1.5 and 3.1 gram/I. At present no reliable 
results could be obtained for the dissolved and the suspended solids. As it turned out, the 
filters used forthese tests were lighterafter sample filtratien and drying ofthe residue. The 
portion ofthe Total Dissolved Solids was higher than that ofthe Total Solids which 
indicates that the used filters have been contaminated. The conductivity was then used as a 
rough check on the TDS. Settleable Solids varied according to the flow at the time of 
sample taking. However total volume of settleable solids remains low, less than 1 mVI. 

6. Phosphate concentrations are lower than expected, but the findings do not vary to much, so 
these results seem reliable. The concentratien phosphate was lying in the range 1.88 to 3.88 
mg/1 

7. Total nitrogen is very low. Determinations of concentratien of nitrite and nitrate are too 
low to give reliable results. This means that only ammonia and organic nitrogen are present. 
Kjeldahl nitrogen gives the sum ofthe two. The concentratien ofnitrogen was lying 
between 4 and 35 ppb. 

8. Sulfate concentrations are high, at least according to the found values. The results are 
considered to be hindered by ether sourees of interf erenee and all test results have been 
rejected. However a smell ofhydrogen-sulfide was observed near the lageons and therefore 
sulfate must be present to some extent. 

9. Oil & Grease concentratien in the wastewater is very high. Large black spots of crude oil 
were observed floating on the surface at certain times. Even during normal operations there 
was a fine layer of oil floating constantly on the surface. Further it was observed that during 
rain, the oildrums stored near the open canals were leaking into them. 
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Precision and Accuracy 

The most significant uncertainty over the determined values sterns from the fact that 
measurements were made late into the season. During the month of June the total production of 
raw sugar ranged up to 9, 795 tons. For comparison: during the month ofMarch the raw sugar 
production consistedof 17,475 tons, almast twice as high. This means that the factory was 
already bringing down its production volume. It is not certain how this affects the 
concentrations found in the wastewater, but it is believed that these concentrations probably 
will also be lower than during the peak of milling season. 

The precision and accuracy ofthe laboratory results were easier to assess. Blanks have 
been used todetermine the accuracy ofthe used methods. The results ofthe blank test have 
been incorporated in the final results ofthe tests. It should be kept in mind that the test have 
been performed to get an idea ofthe average waste load ofthe wastewater. The goal ofthe 
research is the design of a wastewater treatment instanation and not so much to give a highly 
accurate overview ofthe waste concentrations. Todetermine the precision ofthe tests, some 
duplicate tests have been run on the samples. This was not possible for every sample, due to 
lack of time and equipment. The risk of a 'outlier' nat detected by a second run is however not 
so big. Most values are lying within a small range of concentrations. Details on precision and 
accuracy for every parameter tested can be found in appendix A. 

2.2.2 Verification ofthe Raw Waste Loads Factors for BOD5 

A cross-check was performed for the accuracy of the raw waste laad factors specified by 
Economopoulos. This wasdoneon the basis ofthe measurements ofURSUMCO's raw 
wastewater. With the production data over these two months a comparison can be made 
between the waste load factors ofthe rapid assessment methad and actual factors. The 
calculations arebasedon an average BOD5 concentration of2.3 kg/m3 in May and an average 
flow of 118 m3/day. 

Table 4: Raw Waste Laad Factors for sugar milling 

May 
June 
Overall 

Production BOD5 R.A. factorc 
(tons) A (kg)8 (kg /tn.) 

9,795 8,385 2.9 
881 1,893 2.9 

actual factor 
(kg /tn.) 

0.9 
2.1 
1.0 

Source: A) URSUMCO management 8) own measurements C) Economopoulos, 1993 

As can be concluded from the tabletheoverall waste laad factors is 1.0 kg BOD/ton sugar. 
This is a significant deviation from the value given by Economopoulos. There are a couple of 
uncertainties that can explain a part ofthe found difference. First of all there is an uncertainty 
concerning the exact volume ofwastewater. The value used for the wastewater volume is 
basedon the water flowchart ofURSUMCO (see appendix C). This is an average and the 
actual water consumption will vary somewhat with the quality of canes milled and other 
operational variables. It is known that at the time of sample taking the volume of imbibition4 

water was turned up, but how much this relates to a higher output in wastewater is unknown. 
The second reason for a lower waste laad factor is the moment of sample taking: at the end of 
the erop year. This will also have affected the concentration ofBOD5 somewhat. This means 

4 Imbibition water is warm water that is sprayed on the cane mills to extract the sugars from the cane. 
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that on average the concentratien ofBOD5 in the raw wastewater will be higherand that the 
month ofMay is therefore not very representative. A third possibility is the relatively young 
equipment. The sugar mill was built in the 1970's and this is relatively young fora sugar mill. 
URSUMCO's refinery was built three years ago, and is therefore really state ofthe art. This 
might lead to high sugar yields and low wastewater emissions. These explanations can give 
some sort of an insight in the large difference between the observed values and the literature 
values, but the difference is large. 

A similar approach was adopted for the waste load factors fortotal nitrogen and total 
phosphorus. This yielded no usabie information. The discharge of these two nutrients by 
URSUMCO is too low to give any significant pollution. 

Generaled loads of pollulion 
Both CAB and URSUMCO produce raw sugar as well as refined sugar. Sugar milling only 
takes place during the harvesting ofthe sugar cane This is only possible duringa part ofthe 
year. During the rest ofthe year, the lands are too wet and swampy to allow heavy trucks or 
wagons to access the fields. Usually harvesting in Negros starts around December and it 
finishes at the end ofMay. This means that the production ofthe mills is spread over two 
calendar years. Toease the calculation ofthe pollution loads, the production of one campaign 
has been assumed to camprise one calendar year. If it is assumed that milling always starts in 
the same period in December than the resulting error will be relatively small. Production data 
of CAB and URSUMCO have been obtained over the years 94 - 97. See appendix C for these 
data. 

As mentioned in the previous paragraph the measured values for BOD5 ofURSUMCO's 
wastewater are probably not representative for the whole campaign, since the measurements 
where done very late in the milling season. This could have given low concentrations of 
pollutants because the level of production was reduced. Therefore the calculated waste load 
factor (see table 4) has been used as the lower limit ofpossible generated loads. The waste load 
factor given by Economopoulos are used astheupper limit for the generated BOD5 loads. 
A bout the wastewater of CAB no information on the BOD5 concentrations was available, but 
the assumption was made that the waste load of CAB is similar to that ofURSUMCO and 
therefore the waste loads are expected to be lying between the limits set for URSUMCO. 

For the load ofTSS no waste load factor could be calculated and therefore the waste load 
factor ofEconomopoulos has been used. In tables 4 and 5 the BOD load and the TSS load are 
calculated. Production data arebasedon the production year 1995- 1996. 

Table 5: Upper and Lower limils of generaled BOD5 loads 

URSUMCO 
Milling 

Refining 
CAB 

Milling 
Refining 

Total 

ProductionA Lower Limit Upper Limit 
(ton) Facto!!l Load Factorc Load 

70,739 
7,071 

60,272 
10,651 

(kg/ton) (ton/yr.) (kg/ton) (ton/yr.) 
1.0 70.7 2.9 205.1 
1.0 7.1 2.9 20.5 

1.0 
1.0 

60.3 
10.7 

148.7 

2.9 
2.9 

174.8 
30.9 

431.3 
Source:: A) URSUMCO & CAB management B) own measurements C) Economopoulos, 1993 
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Table 6: Generated TSS Loads of CAB and URSUMCO 
Production<A> TSS 

Fact (B) Load 
ton kg/ton tonlyr. 

URSUMCO 
Milling 70,739 6.3 445.7 
Refining 7,071 6.3 44.5 

CAB 
Milling 60,272 6.3 379.7 
Refining 10,651 6.3 67.1 

Total 937.0 
Source: A) CAB & URSUMCO management 8) Ecomopoulos, I 993 

Released loads 

The portion of the wastewater that is actually released into the environment depends on the 
efficiency ofthe wastewater treatment instaBation used. Both URSUMCO and CAB use Waste 
Stabilization Ponds (WSP's) to reduce the oxygen demand oftheir wastewater and to settie the 
suspended solids. The wastewater enters a series ofponds where the degradation ofthe organic 
materials is carried out by algae and bacteria. This type of wastewater treatment is also known 
as 'oxidation ponds' or simply as 'lagooning'. Especially in tropical climates this is a viabie 
option as the high temperatures ensure a good bacterial growth. Because the investment costs 
are low as well, this proves to he a suitable alternative for wastewater treatment in developing 
countries. The Rapid Assessment method uses the Control System Efficiency Factor to 
measure the efficiency ofthe wastewater cleaning facilities. This factor has been estimated on 
the basis ofvarious parameters and measurements done at both sites. 

CAB releases a maximum wastewater volume of 10500 m3/day. The lagoons it uses have a 
total surface of 55 ha. URSUMCO releases a volume of 118 m3/day under full capacity. It uses 
8 ha of lagoons to treat the wastewater. Economopoulos does not mention the effectiveness of 
WSP for sugar mills. However other literature sourees give BOD5 removal efficiencies ranging 
from 67 - 95 % (Canter & Melina, 1978; Metcalf & Eddy, 1979) Based on measurements done 
at CAB (Lipkow, 1992) and measurements at URSUMCO a general idea ofthe performance 
can be given. A detailed study on the performance ofURSUMCO's waste stabilization ponds 
can be found in part two ofthis report. 

To calculate the efficiency it is necessary to know the concentratien ofthe influent and ofthe 
effluent. For URSUMCO this is only known for the BOD5 concentrations and for CAB this is 
only known for the concentratien ofTSS. Basedon the measurements a BOD5 removal 
efficiency for URSUMCO is calculated of91 %. And for CAB a TSS removal efficiency was 
calculated of 62 %. The specific data are given in appendix C. 

No removal efficiencies could he calculated for the BOD5 removal rate of CAB and for the 
TSS removal ofURSUMCO. Therefore a BOD5 removal efficiency of85% was assumed for 
CAB and for URSUMCO a TSS removal efficiency was assumed of 60 %. The general 
assumption underlying these values is that waste stabilization ponds in the same climate, for 
wastewater originating from the same production process, the same removal efficiencies can he 
reached. In table 7 the released loads are depicted based on these removal efficiencies. 
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Table 7: Released Waste Loads for CAB & URSUMCO 

Removal efficiency 
Lower limit (tonlyr.) 
Opper limit (ton/ yr.) 
Source: Tables 4, 5 and 6 

URSUMCO CAB 
BOD5 TSS BOD5 TSS 
91 % 60 % 85 % 62 % 

7.1 196.1 10.6 169.8 
20.5 196.1 30.9 169.8 

2.2.3 Galvanized Iron Sheets production 

Apart from sugar, CAB also manufactures galvanized iron sheets. The waste loads that are 
produced have also been calculated with the help ofthe Rapid Assessment method. Below an 
overview of the generated loads is given over the years 1994 -1997. If we again use the same 
efficiency factors as before, we can easily calculate the released loads. A removal efficiency 
for nitrogen of 50 % in waste stabilization ponds was assumed, (Economopoulos, 1993). 

Table 8: Generated and Released Waste loads from Galvanized Iron production 

Production Volume TSS (ton) TN (kg) TSS (ton) TN (kg) 
(ton) (1 000 m3

) 

Generaled Loads Released Loads 
1994 7306 68.7 18.0 146 6.4 73 
1995 9177 86.3 21.3 184 8.1 92 
1996 9424 88.6 21.9 188 8.3 94 
1997 7496 70.5 17.4 150 6.6 75 

Souree production figures: CAB management 
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2.3 DOMESTIC W ASTES 

Todetermine the share ofthe population in the total pollution, some urban characteristics have 
been collected. The volume and laad of dornestic waste depends largely on the population size. 
Figures for the population size per barangay are depicted in appendix D. These figures are 
estimates basedon a population census held in 1990 (City Planning and Development Office, 
1995). 

Th ere is no collective sewer present in Bais. In the urban area ofBais, the houses are connected 
toa drainage system. Some parts ofthis system consist of open air canals and ether parts are 
covered. Liquid wastes from householcts are disposed of through these canals. Th ere is no 
wastewater treatment installation, therefore the generated leads equal the released leads in this 
case. The canals discharge the waste directly inside the Tamogong river. Since most ofBais is 
a rural area, the waste leads are calculated for two possibilities. First all the generated leads for 
the whole population are calculated. This is the upper limit ofthe generated pollution. The 
portion ofthe urban center is expected to contribute the largest portion ofthe waste load. For 
the lower limit it is assumed that the dornestic liquid waste in the rural areas does not reach the 
coast. In this scenario only the loads :from barangays I and II are counted together with the load 
generated by population ofDaco island and Olympia island. 

The City Health Office ofBais City makes a distinction between households with a sanitary 
toilet, householcts with an unsanitary toilet and households with no facilities at all. Sanitary 
teilets can be divided into flush teilets and water sealed toilets, both are connected to some sort 
of water supply. It is assumed in this study that within the urban area ofBais the sanitary 
teilets are connected to a septic tanl<. 

M. Zanders made a literature review on different methods of waste disposal and the BOD5 

loads of sewers, septic tanks and pit latrines (Zanders, 1997). This study showed that the 
volume and waste loads of dornestic liquid waste depend on whether toilets are connected to 
some sart of water supply. Ifthe teilets are connected, there is no difference between sewers 
and septic tanks with regard to waste volume and laad. Without a supply of water the volume 
and BOD5 load are decreasing and become equal to the waste leads and volumes of pit latrines. 
Ifthe figures are compared tothese ofEconomopoulos it seems that the waste load factors do 
not differ too much. However, Economopoulos does not adequately define the difference 
between septic tankswithand without a supply of water. It seems that the figures he gives, 
relate to septic tanks without a supply of water. In this study the figures ofEconomopoulos are 
used that way. Like Zanders it is also assumed that people without any facilities produce the 
same loads as those with pit latrines. The values for the nutrient loads have been taken from 
Lemmens, 1998. 

In the table below an overview is given ofboth load factors and categories. 

Table 9: Waste Laad Factors for damestic liquid waste 
Sanitation system Volume BOD5 <A> TSS <A> J'NB> TP<B> 

{m3/cap.yr) (kg/cap.yr) (kg/cap.yr) (kg/cap.yr) (kg/cap.yr) 
Sewers 
Septic tanks 
Pit Latrines 
No facilities 
Source: A) Economopoulos, 1993 

55 18.1 39.2 3.3 0.4 
55 18.1 39.2 3.3 0.4 
7.3 
7.3 

6.9 
6.9 

16 
16 

8) Lemmens et al. 1998 

3.3 
3.3 

0.4 
0.4 
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With these waste load factors and the popuiatien statistics it is possible to calculate the 
generated waste load ofthe population. In the tables below the released loads (that equal the 
generated loads in this case) are given fortheupper and the lower limit of waste discharged by 
the population. 

Table 10: Released loads for damestic waste for Bais City 

Septic tank 
Pit latrine 
Without toilet 
Total 

House- Volume BOD5 TSS 
holds (1000 m3/yr.) (ton/yr.) (ton/yr.) 

8,863 2, 798 921 1 ,994 
1,425 60 56 131 
1,441 60 57 132 

11,729 2,918 1,034 2,257 

tot-N tot-P 
(ton/yr.) (ton/yr.) 

168 20 
27 3 
27 3 

222 27 
Source: City Health Office, 1997 

Table 11: Released loads for Barangays I & lL Daco Is land and Olympia Is land. 

Septic tank 
Pit latrine 
Without toilet 
Total 

House- Volume BOD5 TSS tot-N tot-P 
holds (1000 m3/yr.) (ton/yr.) (ton/yr.) (ton/yr.) (ton/yr.) 

2,933 926 305 660 56 6. 7 
349 15 14 32 7 0.8 
274 11 11 25 5 0.6 

3,556 952 329 717 67 8.1 
Source: City Health Office, 1997 

The value ofthe BOD5 and TSS re1eased will be lying somewhere between these two values. 
The values for the upper limit are almost three times as high as the values for the lower limit. 
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2.4 AQUACULTURAL WASTES 

2.4.1 Introduetion 

Different kinds of fish farrning can be distinguished: extensive, semi-intensive and intensive 
farming systems. Extensive types of fish farrning rely on natura! processes to grow the food for 
the fish. Organic fertilizers and sunlight promote the growing of algae that serve the cultured 
fish as food. Fish production is therefore very cheap, but the productivity is low as it is limited 
by these natura! processes. In intensive fish farming the fish are fed on artificial feeds. The 
density of fishes in the ponds or cages can be much higher. The tigure below illustrates the 
relative contribution of natura! food organisms and artificial feeds in the nutritional budget of 
fish, (taken from Barg, 1992). 

The second difference is situated in the location ofthe cultured fish. The most common in Bais 
are landbased fish ponds. However lately a number of cages has been set out in the Bay. These 
cages float on the surface ofthe sea or lake where they are placed. They are therefore in 
continuous interaction with the environment surrounding the water. 

Extensive 

Semi-intensive 

Intensive 

FARMING SYSTEM 

Endogenous or 
Natura! Food 
Organisms 

Fish Stocldng 
Density 

Figure4 

2.4.2 Aquaculture and the environment 

None 

Fertilization and/or 
Supplementary diet 
Feeding 

Complete diet 
Feeding 

EXTERNAL FEEDING 
STRATEGY 

Source: Barg ,1992 

Aquaculture can provide several environmental problems. These include: hypemutrification 
and the subsequent eutrophication, oxygen depletion and the use of antibacterial agents: 
fungicides, parasiticides. Sometimes the way that seeds are obtained (wild catch) can also 
affect the environment in a negative way (Beveridge, 1996; Pillay, 1992). For cages and ponds 
some environmental problems are the same and some differ. In this thesis the attention is 
focused on the effect of wastes of aquaculture and the problems they pose to the aquatic 
environment. However, the effects of large scale aquaculture also have other aspects that affect 
the environment. These other considerations and their impact on the Bais Bay area, will be 
discussed first. 
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Location 

The first problem is related to the location ofthe cultured fish. The construction offish ponds 
in coastal area's willoften mean the conversion of mangrove swamps into fish ponds. 
Mangroves are a highly developed ecosystem and perform important biologica! and physical 
functions in the marine environment. They stabilize the substrate, produce sediments and serve 
as habitats, nurseries and primary food souree for many commercial and forage organisms. By 
converting mangrove areas irreparable damage is done to this ecosystem. By 1984 over 
206,500 ha., representing over 45% ofthe original mangroves ofthe Philippines, has been 
converted for aquacultural uses, (Pillay, 1992). However a more practical advantage of these 
developments is that usually aquaculture greatly reduces the breeding ofharmful parasites such 
as malaria mosquitoes and tsetse flies. The situation in Bais is similar to that ofthe rest ofthe 
Philippines. A lot of mangrove has been converted into fish ponds. To halt this development, 
the mangroves around Daco island have been proclaimed as a sanctuary. Fishing and the 
hunting ofbirds is prohibited. 

The location of cages provides other problems. Cages will obstruct the free flowing ofthe 
water through and around the cages. In a shielded bay the inflow of fresh seawater can he 
reduced and this will cause a deteriorating environment inside the bay. By constructing cages 
in a lake or coastal area, the space for other users will diminish and this can give problems with 
local fishermen. A well documented example ofthis situation took place at the Laguna de Bay 
in the Philippines. In the mid 1980's the total surface area of cages and penstook up a portion 
of38- 45% ofthe total surface area. The pens and cages were situated in traditional fish 
grounds and also blocked the main navigation routes to fish landing sites. Violent conflicts 
with local fishermen resulted and finally many cages and pens were removed after government 
regulations were properly enforced (Beveridge, 1996). 

Introduetion of exotics andescape of farmed fish 

The introduetion of exotic species in new areas often has benefits over rearing local species in 
aquacultural fish farm. There are only a few species where the technology has risen to a level 
where aquaculturists have a high chance of success in breeding them and these species are 
being transplanted around the world. These species include the Chinese and Indian major 
carps, two or three species oftilapia, the rainbow trout and Atlantic salmon. (Beveridge, 1996). 
These have a high toleranee in temperature variations, dissolved oxygen requirements and 
yield of production. 

There are two environmental problems related with the introduetion of exotic species in a new 
area. The first effect is the influence ofthe new species on the local plants and animallife. The 
characteristics that make the cultured species so successful in aquaculture also give them an 
advantage over local species when the cultured fish escape. The exotic species can under the 
right circumstances become the dominant species and wipe out other local species due to 
predation or competition. Examples ofthe destructive results of exotic introductions are 
documented world wide (Pillay, 1992). Transmission of diseases is the second problem related 
to the introduetion of exotics. With the introduetion of exotics automatically new diseases and 
parasites are also introduced. This can then lead to epidernies that kililocal populations. 
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Escape of cultured fish is an inevitable process. lt happens despite of all possible precautions. 
Escapes are the result of natura! disasters (flooding, storms and typhoons) or during harvesting. 
Caged fish is especially susceptible to losses due to damage to the cages by predators, poachers 
and vandalism. The selection process of a specific species in breeding leads to an alteratien in 
the genetic characteristics ofthe cultured fish. Studies show that genetic diversity in cultured 
fish is low. (Pillay, 1992). Fish reared in hatcheries appears to be less fit for survival in the 
wild and a massive escape of cultured fish leads to the introduetion of inferior gen es to the 
local gene pool. 

In the Philippines experiments with Genetically Improved Fish (GIF) have started. Genetically 
improved tilapia will have a much higher body mass than ordinary tilapia, thus giving higher 
economie benefits. In the future this tilapia will also he available for stocking in the Bais area. 
Pillay gives some policy suggestions that could be used when dealing with introductions. See 
also the appendix E 

2.4.3 Aquaculture in Bais 

Aquaculture is turning into one ofBais' most promising economie activities. The Philippine 
government supported the settiement of large prawn farming cooperatives, but unfortunately 
this industry was wiped out several years ago due to several epidernies that killed the prawns 
and made the prawn farming business unprofitable. Companies that were engaged in prawn 
farming shifted the production to regular fish farming and that is still the most common 
practice offish farming around Bais. It is estimated that a total of378 ha. has been developed 
for the production ofmilkfish (Chanos Chanos). 

Sample 
Because ofthe low initia! investment extensive fish farming is particular popular in Bais. 
Together with the provincial aquaculturist Mr. H.D. Rada, 32 fish farms were identified within 
the Bais City limits (see appendix E). The majority of these fish farms do not use additional 
feeds and can therefore be qualified as extensive fish farms. Only in 9 fish farms additional 
feeds are being used and most of these fish farmscan be qualified as being semi-intensive. 
Five of these fish farms have been approached for an interview regarding their operations. The 
managers or owners were interviewed. An overview ofthe most important results is given 
below. Data are shown for the year 1996. This is the year that most ponds started with 
additional feeding. In the earlier years production was extensive only. Ofthe other four fish 
farms nothing is known. In order to make an estimate oftetal waste production ofthe 
aquaculture sector, the other four fish farms were assumed to have the average production 
characteristics ofthe five interviewed fish ponds. 

Table 12: Overview of production data of the interviewed fish pond 

Name main species total surface harvests 

Fungii Farms, Inc. 
Sycip Plantations, Inc. 
DPLI 
Que's Fish Farm 
Mica aquaculture 
Average 

milkfish 
milkfish 
milkfish 
milkfish 
milkfish 

5 FCR: Feed Conversion Ratio, (kg feed I kg fish) 

(ha) /year 
32.1 5 
5.6 3 
5.4 3 

10.4 
7 

4 
4 

production 
(ton/year) 

188 
63 
72 
80 
42 
89 

1.5 
1.5 

2 
1.7 

1.7 
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All the interviewed fish ponds obtain their fingerlings from wild catch. This can negatively 
influence the wild fish population. The majority ofthe fish ponds use organic fertilizers (cow 
or chicken manure) to fertilize the fish ponds.Pond bottoms are dried and then flushed out. 

2.4.4 Wastes 

The wastesof aquaculture are produced in various stages and various farms. Wastes differ for 
the methods ofbreeding and therefore also between ponels and cages. There is a problem with 
the calculation ofthe BOD5 load from fish ponds. Due to the character ofthe BOD5 test, it is 
impossible to relate the BOD5 offeeds and fish toeach other. Therefore data taken from some 
other authors have been used. In the table below some values are depicted, also their values for 
the nutrient release are depicted. 

Table 13: Overview of release rates of wastesfram land-basedjishfarms 

Author Species total N TotalP BOD5 

kg /ton yr. kg /ton yr. kg /ton yr. 
Sweden6

, 1983 
Bergheim6

, 1992 
Rosenthal6

, 1988 
Beveridgé, 1991 
Eikebrokk, 1993 
Pillay, 1992 

Rainbow trout 
Atlantic salmon 

81 10 300 

Rainbow trout 

Atlantic Salmon 
Rainbow trout 

55- 110 
146-292 

83 
38 
90 

4- 18 
18 
11 
6 

11 

584- 1680 
350 

577 

With the data that have been obtained by the questionnaires, an estimate can be made of the 
waste loads discharged by the fish farms. The value given by Pillay is used for the rate of 
BOD5 release. The nutrient discharge has been calculated with the help ofthe input/ output 
model discussed earlier. In the first column the total production of the interviewed fish farms is 
depicted and the estimated total for the others. 

Table 14: Waste loads of (semz) intensive jish farms in Bais 

Interviewed 
others 
Total 

Production (ton) BOD5 (ton) TP (ton) 
445 257 7.5 
356 205 6.3 
800 462 13.8 

TN (ton) 
45.0 
37.7 
82.8 

Basedon the calculated waste loads ofthe interviewed fish ponds a release rate for nutrients 
was calculated. This release ra te is based on the calculated released loads of nutrients divided 
by the production offish. The values are depicted in table 15. From this table it can be 
concluded that the val u es calculated for the nutrient discharge of milkfish production are nat 
deviating from the range given by the authors. 

Table 1 5:Release rates of (semi) intensive fish farms 

Release rate 
TP (kg P ton·• yr:1

) 

TN (kg N ton·• yr:1
) 

6 Reference cited in Barg, 1992 
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Chemica! wastes 

Chemica! compounds can be found throughout the aquaculture industry. These include 
chemieals used in/ on the construction materials, such as antifouling agents and UV 
absorbents, chemieals used for cleaning and disinfecting the cages and ponds after harvests and 
chemieals used in c~emotherapeutants. 

An interesting outcome of the interviews was the statement of some managers to use illegal 
molluscicides intheir operations. The use ofmolluscicides (against snails) is prohibited in the 
Philippines. However in Indonesia and Malaysia the use is not prohibited in aquaculture and it 
is not very difficult to obtain these chernicals. It was not possible to assess the quantity ofthe 
molluscicides used. One ofthe fish pondowners also admitted to use illegal chemieals against 
tilapia that live on the rnilkfish fingerlings in the hatchery. In this case the use of chemieals can 
easily be substituted with an environmental friendlier option as teaseed cake. 

The impact of chemieals differs for ponds and cages. U se of chemieals in ponds is usually 
befare the start ofthe stocking ofthe ponds. Weeds, pests and predators are eradicated with 
non selective toxins. After the use ofthe chemieals the ponds are flushed out a coup Ie oftimes 
to wash out residues. It is during this flushing that chemica! residues are released into the 
environment. However, most toxins are biodegradable in a couple ofhours, or days at most 
(Pillay, 1992) and therefore the effect of these discharges will not be very large. 

Chemotherapeutants are of particularly concern in cage aquaculture because there the 
chemotherapeutants are released directly in the surrounding aquatic environment. 
Chemotherapeutants is the common name for a range of chemica! products, including 
antibacterials, antifungacides and antiparasites. Antimicrobial are administered in feeds. There 
is evidence that only 20-30% ofthe medicated feeds are ingested by the fish (Barg, 1992). 
The antibictics then can accumulate in the sediments. How they react there is not exactly clear. 
In general chemotherapeutants can have the following impacts (Beveridge, 1996): 
• Effects on non-target organisms 

Drugs that are dissolved in feeds are also ingested by scavengers hanging around the cages. 
• Effects on sediment chemistry and processes 

Chemotherapeutants accumulate in the bottorn and the sediments can act as long term 
reservoirs ofthe drugs. 

• Development of resistance 
Aftera long period of exposure to antimicrobials, some afthem develop a resistance against 
the therapeutant. Through the passing of resistant characteristics from one bacterial species 
to another, even humans could fall victim to resistant diseases in the end. However no 
evidence for this eventuality has been seen (yet) (Pillay, 1992) 

The exact effect of chemotherapeutants is still subject of debate and research. This has resulted 
in a policy on the use of chemotherapeutants that differs from country to country. For example 
the range of allowed antibacterials in the USA is a lot smaller than in Japan (Beveridge, 1996). 
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2.5 AGRICULTURAL W ASTES 

Agriculture is a significant souree of surface and groundwater pollution. It is a non-point 
source, the pollutants have no obvious point of entry into receiving water courses. These 
sourees are not easy to control nor to measure. A US-EP A study found in 1994 that agriculture 
was the nurnber one souree of water quality impairment for rivers and lakes in the United 
States. The impact of agriculture is far more important than industrial sourees in the USA, 
(Ongley, 1996). This means that especially in such an agricultural district as Bais City the 
potential for environmental pollution caused by agriculture is very high. In this chapter two 
different methods for estimating the wastes of agriculture will be used. The first is based on the 
Rapid Assessment method. Scheren, (1992) gives the nutrients leaching factors for runoff 
water from both agriculturallands and lands in use for other purposes. Secondly attention is 
focused on the applied amount of fertilizers on sugar cane fields. With the leaching factors 
used also by Scheren for agriculture in the Lake Victoria district (Africa) an estimate can be 
given ofthe effect offertilizers on the rivers. These two estimates will be compared with actual 
nutrients concentratien in the four rivers emptying in the Bay. But first the agricultural sector 
in Bais will be discussed in some more detail. 

2.5.1 Agriculture in Bais 

The totalland area ofthe City ofBais is 31,690 hectares. The estimated land area currently 
devoted to agricultural production is 25,173 hectares, or 79% ofthe totalland area. In the next 
table an overview ofland area utilization and the agricultural crops produced (CPDO, 1995). 

Table 16: Agriculturalland use and main crops planled 

Activity Area (ha.) % 
Crop production 18,880 100.00 

Sugar cane 10,101 53.50 
Coconut 3,690 19.55 
Corn 3,692 19.55 
Rice 126 0.67 
Vegetables 334 I. 77 
Root crops 94 0. 5 0 
Mango IJ 0. 06 
Banana 823 4.36 
Pineapple 8 0. 04 

Pasture/ shrubs /grasses 5,825 
Wetland/ Fish ponds 468 
Total 25,173 
Source: CPDO, 1995 

Commercial crops (sugar cane and coconut) have the largest share of area planted, with 73% of 
the total agricultural erop area, compared to foodstuff (rice and com) with only 20%. 
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2.5.2 Nutrient runoff 

With the data on agriculturalland use, the total nutrient runoff can be estimated. By 
multiplying the area of cultivated arabie land with a yearly leaching factor for nitrogen and 
phosphorus the yearly waste laad can be calculated. This approach was adopted by Scheren, 
1994; Zanting, 1996; Van Horen, 1996 in several studies on the effects of pollution on Lake 
Victoria (Africa). Below the leaching factors are depicted and the results for leaching in the 
Bais area are calculated. 

Table 17: nutrient leachingfactors 

Nutrient Cultivated arabie 
land 

Mean Range 
N (kg/ha.yr.) 5 0.5-50 
P (kg/ha.yr.) 0.5 0.1-5 
Source: Scheren, 1994 

Table 18: Nutrients leached yearly 

Area N 
(ha.) (ton/yr.) 

Cultivated land 18,879 94.4 
Forest and pasture 5,825 29.1 
Total 24,704 123.5 
Source: tab1e 15 

F orest and pasture 
land 

Mean Range 
3 1.3-10.2 

0.4 0.01-0.9 

p 

(ton/yr.) 
9.4 
2.9 

12.4 

Unfortunately the range ofleaching factors is quite wide and therefore not very reliable. To 
compensate for this unreliability, a more detailed study was made ofthe production of sugar 
cane. The sugar cane industry is the main agricultural production ofBais, therefore the 
contribution to the total pollution is estimated to be the largest. 

To get an idea ofthe way sugar cane is cultivated intheBais area some visits were made to 
several haciendas. Interviews were conducted to establish the amount of fertilizers used, the 
total production of sugar cane, the use of pesticides and so forth. Four haciendas, with a total 
area of 680 ha., were interviewed. Interviewed wen:i assistant and general managers The 
haciendas have mechanized most ofthe production process. Land preparation and planting is 
all done by machines. However harvesting is done manually. The sugar cane is first bumed and 
then cut. Labor used on these haciendas totals up to 640 employees during off-milling season 
and an additional 920 cane cutters are used during harvesting. The trash is bumed on the fields 
after the sugar cane has been transported to the sugar mills. 

However, later secondary sourees were found that provided more accurate results over the 
whole area ofBais. Artificial fertilizers contain nitrogen, phosphate and potassium, aften in a 
predetermined ràtio. In different stages ofthe growth ofthe sugar cane a different formula is 
applied. The Sugar Reguiatory Administration calculated the average level of fertilization in 
the URSUMCO milling district. This district comprises, apart from Bais City, also the 
surrounding municipalities. The found average of applied nutrients has been used to calculate 
the amount of fertilizers applied for the wholeBais City area. See appendix F for the 
calculation afthese averages. Scheren uses figures of30% nitrogen leaching for applied 
fertilizer and 13 % phosphate leaching and this is the amount of fertilizer that will not be 
absorbed by the plants. Averages for nutrients applied and leached are given in the table. 
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Table 19: Fertilizers leached from sugar cane lands 
Nutrient Average applied Total Applied Total Leached 

Total-N 
Total-P 

(kg/halyr.) (ton/yr.) (ton/yr.) 
114 1,147 344 
65 657 85 

Source: Sugar Reguiatory Administration, 1997 
sugar cane area: I 0,10 I ha. 

The values fortotal nutrients leached ofthis table have been used in the comparison with the 
other sectors. 

2.5.3 Erosion 

Sugar cane plantations take up almost one third ofthe total area ofBais City. This area has 
grown by 12% fora period oftwo years and sugar cane is now also producedon the slopes of 
the surrounding hills. This has increased theerosion ofthe soil on these hills. (Walter, 1994). 
Pollution caused by sediments has two major dimensions. The first dimension is physical. lt 
increases the turbidity of the water thus reduces the penetratien of sunlight. Lack of sunlight 
inhibits the growth of water plants and algae. Some fish stop spawning in rivers with high 
sediment concentrations. A high sediment concentration also leads to the reduction of river 
depths and this can again lead to increased chances of flooding. The second dimension is 
chemica!. The silt and clay fraction is a primary carrier of adsorbed chemicals, especially 
phosphorus, chlorinated pesticides and most metals, which are transported by sediment into the 
aquatic system. Measurements ofphosphorus transport in North America and Europe indicate 
that as much as 90 % ofthe total phosphorus flux in rivers can be associated with suspended 
sediments, (Ongley, 1996). 

Silliman University did a study on the siltation ofthe four rivers emptying intheBais Bay (Sa
a & Bustillo, 1997). The researched period covers 10 months and does not draw any 
conclusions on what part ofthe siltation is due to deforestation or other sources. It is therefore 
oflimited value for this study, but it can be used to verify the results ofthe previous 
calculations. Sa-a and Bustillo found that the concentration ofthe sedimentation in the rivers 
was at high from the months December- March, while the volume flow peaked in June. Low 
concentrations were found July to August and the flow reached a low during the month of 
August. Due to an oversight in their test set up the concentration of suspended solids could not 
be determined. The concentrations ofphosphate and nitrogen in the sediments were determined 
from samples taken in April1992, (Empeynado, 1993). Due to lack offurther measurements 
these values have been used as indication ofthe total amount ofnutrients transported with the 
sediments towards the bay. Results ofthe study are depicted below for the four rivers: 

Table 20: Average sedimentation rates and nutrient in sediments for the Jour rivers 
River Flow <A> Sedim <A> Sediment mg P mg N P (kg/yr.) N (kg/yr.) 

Panamangan 
Tamogong 
Panambalon 
Alangilanan 
Total 

(m3/min.) rate (g/1) (ton/year) /kg <Bl /kg <B> 

27.25 6.2 91,293 1.03 < 2.08 
32.43 2.8 45,955 0.73 < 2.08 
35.91 1.8 29,810 0.66 < 2.08 
15.55 3.4 35,207 0.99 2.08 

202,265 
Source: A) Sa-a & Bustillo, 1997 B) Empeynado, 1993 
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The tableis only an indication ofthe nutrient transportation through the rivers. More 
importantly it shows the amount of sediments transported in the rivers. Although the 
sedimentation rateis a different parameter than TSS, it can be used as an indication ofthe 
height ofthe TSS. The two are related toeach other, but the exact relationship is unknown. It 
cannot be assumed that the sediments in the rivers are all due to erosion caused by agriculture 
alone. It is more likely that the rivers are also collectors for solicts released by other sectors as 
well. It is therefore difficult to campare these values with other sectors, since they are probably 
all part of it. 

2.5.4 Livestock & Poultry 

Apart from sugar cane production, there is also some form oflivestock. The totallivestock and 
poultry population is depicted below (CPDO, 1995). From this table it can be concluded that 
hogs and chicken are the most popular. These animals are mostly kept in the backyard and this 
is not considered to be very polluting. For the pollution assessment these animals have not 
been incorporated in the final estimates. 

Table 21: Livestock popu/ation in 1994 

Animal No. ofheads 
Carabao 4,016 
Cattie 3,156 
Goat 3,517 
Hogs 13,903 
Harses 398 
Sheep 194 
Chicken 35,700 
Ducks 4,320 
Goose 43 
Pigeons 835 
Sourc~: CPDO, 1995 

However, there is some intensive poultry industry also. Two farms have been interviewed, one 
ofwhich is the largestin the neighborhood, by far. It is assumed that with these two farms 
almast all intensive production was covered. The largest chicken farm is located next to 
URSUMCO and it is expected to contribute also to the pollution. Below an overview is given 
ofthe production in 1997. Waste load is basedon waste load factors ofthe Rapid Assessment 
method. 

Table 22: Generaled waste laad of intensive poultry 

Farm Layers RA fact. BOD5 RA fact. TSS RA fact. TN 
(heads) (kg!head) (ton) (kg/head) (ton) (kg/head) (ton) 

Sycip 80,000 1.61 129 4.2 336 3.6 288 
DPLI 4,000 1.61 6 4.2 17 3.6 14 
Total 84,000 135 353 302 

Source: production data Sycip & DPLI management; Rapid Assessment factors: Economopoulos, 1993 

One remark must be made here. The organic manure from the chicken is used to fertilize the 
fish poncts both farms also have. This willlead to a lower released load, especially for the 
BOD5 concentration. How much lower is not exactly clear. 
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2.5.5 The Abattoir 

The abattoir in Bais is the official place where live stock can be slaughtered. It is located at the 
bank of river near the shore. Pollution loads are based on the monthly slaughter reports over 
1996. Animals are gathered the evening before they are slaughtered, the manure is caught and 
put into a large septic tank. This tank empties again in the river. This means that the BOD5 load 
will be reduced somewhat, but the load in N, P and TSS remains constant. Here is the system 
control efficiency equal to zero. 

Table 23: Generated pollution loads from the abattoir, 1996. 

Cattie 
Swine 
Chicken 
Go at 
Total 

L WK (tn) Volume (m3
) BOD5 (kg) TSS (kg) 

64.39 341 386 361 
262.02 1,389 1,572 1,467 

14.04 74 84 79 
4.99 26 30 28 

1,830 2,072 1,935 
Source: National Meat Inspeetion Commision, Bais City 
LWK: Live Weight of Animal Killed (Economopoulos, 1993) 

32 

N(kg) p (kg) 

45 3 
183 13 

10 1 
3 

241 17 



Waste Laad Assessment 

2.6 OVERVIEW OF WASTE LOADS PER SECTOR 

In the past chapters the waste characteristics of four important sectors have been review ed. In 
this chapter the fmdings are summarized and compared to each other. Below a table is depicted 
with the characteristics for the most important sectors and pollutants. 

Table 24: Overview of all polluting activfties in and around Bais City 

BOD5 (ton) TSS (ton) TN (ton) TP (ton) 
In dustry 
Sugar mills (low) 18 366 
Sugar mills (high) 51 366 
Galv. Iron 8.3 0.1 

Dornestic 
Upper limit 1,034 2,257 222 27 
Lower limit 329 717 67 8 

Aquaculture 
land based fish farms 462 83 14 

Agriculture 
F ertilization 344 85 
Int. peultry 135 353 302 
Abattoir 2 2 0.2 0 

Rivers 202,265 
Source:seetables7,8,10,11,14,19,20,22&23 

From this table several conclusions can be drawn. The sectors are depicted in the graphs as 
well. In the two graphs the average is given fortheupper and lower limits ofthe sugar mills 
and the dornestic waste. The sectors will be compared with each other below. 

Biologica! Oxygen Demand 

Dornestic waste is the most important souree of organic waste. The actual value will be 
somewhere between the upper and lower limit and only the aquacultural sector has a waste 
Ioad that is in the sameorder of magnitude. Contrary to popular beliefthe sugar mills 
contribute the lowest share in organic waste ofthe four examined sectors. This is mainly due to 
the fact that these factories have a wastewater treatment instanation and the other sectors do 
not have these control mechanisms. Without the waste stabilization ponds the released loads 
would be much higher, comparable to that of dornestic waste. This shows the importance of a 
properly functioning waste stabilization pond for the sugar mills. The most striking finding is 
the contribution of organic waste ofthe aquacultural sector. The argument that aquaculture 
does not significantly contribute to pollution seemsnot to be valid. The values depicted in the 
table are only attributable to the intensive and semi intensive fish ponds, which means that the 
Ioads could be even higher. 
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Tata! Suspended Solids 
For the load of suspended solids the same general picture can be drawn as that for the BOD5• 

Dornestic waste has the largest share. Here the sugar mill actually come second as source, 
closely foliowed by suspended solids released by the intensive poultry operators. One 
important remark must be made here, because ifthe TSS loads for the different sectors are 
compared with those ofsediments in the rivers than the loads ofthe sectorscan be neglected. 
Erosion is such an important factor that all other contributions seem rather small. 

Nutrients 
The same general results are depicted for nitrogen and phosphorus, therefore these two will be 
discussed together. From the table it can be concluded that with regard to nutrient release the 
agricultural sector is the largest contributor to the total nutrient load. The contribution ofthe 
intensive poultry industry takes an important place within this sector. The dornestic nutrient 
release is together with the share of aquaculture also a significant souree of nutrients. The 
contribution ofthe sugar mills is negligible. 

Although the sugar mi lis do not contribute a large share of waste loads, they are an important 
source, because they are point sources. The other waste loads from the other sectors are 
distributed over a larger area and the expected impact ofthat pollution is therefore expected to 
be a little bit lower. The importance ofthe waste stabilization ponds has already been stressed 
and the occurrences offish kills have been discussed in the introduction. In part 3 ofthis study 
a closer look is taken into the waste stabilization ponds ofURSUMCO. 
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Overview of released loacls per sector: 8005 and TSS 
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3. IMPROVING THE PERFORMANCE OF URSUMCO'S LAGDONS 

3.1 INTRODUCTION 

One ofthe specific goals ofthis study was to improve the wastewater instaBation of 
URSUMCO. There are a lot of options to treat the wastewater of a sugar mill. From 
conventional methods like the activated sludge treatment process to a relatively new developed 
one like the Up flow Anaerobic Sludge Blanket reactor (UASB). Not all these methods will be 
reviewed here, however. The fact that URSUMCO has already some lageons in use to treat the 
wastewater, has directed the attention towards an impravement of these lagoons. With some 
small improvements in the present set up, a better performance can be reached with only a 
minimum of extra investments. 

A characterization ofURSUMCO's wastewater has already been presented in the previous 
chapters. Therefore the present set up ofthe lageons will analyzed first. This is done with the 
help of measurements done inside the first three lagoons. The findings for the first three 
lageons are extrapolated to include the fourth new lagoon. The performance ofthe four 
lageons is predicted for two scenarios: a normal scenario, with normal volume flow of 
wastewater and a peak scenario with an increased volume flow ofwastewater. 

Based on the same two scenarios, two options for impravement are further explored. First of 
all there is the possibility oftransforming the first lagoon in a proper anaerobic lagoon. 
Secondly an aeration pond can be constructed. These options for impravement are compared to 
each other in the subsequent chapters 

3.1.1 Present Performance of lagoons 

URSUMCO makes use offour lageons to treat the wastewater. The wastewater enters the first 
pond without any preliminary treatment. In the various ponds the wastewater is treated under 
the influence ofbiological processes. This form oftreatment is known as 'Waste Stabilization 
Ponds' or also as 'Oxidation Ponds' or simply as 'Lagooning'. Especially in tropical climates 
this is a viabie option, as the high temperature guarantees a suitable environment for bacterial 
growth. No additional treatment is required and the rnainterrance is limited to desiudging the 
ponds every couple ofyears. The disadvantage is that a large land area is required to treat the 
wastewater. URSUMCO has four lagoons which occupy a total area of 8 ha. The first three 
lageons occupy an area of around 3 ha. The fourth lagoon has 5 ha. Table 25 gives an overview 
ofthe area's occupied byeach lagoon separately. Some samples have been taken inside the 
lageons to get an idea ofthe efficiency ofthe lagoons. Sample taking took place at the outlet 
structures ofthe ponds. See Appendix A for details on the procedures used in the chemica} 
analysis. Table 26 gives an overview ofthe average data found inside the lagoons 1, 2 and the 
canal running the·water from the lageons to the estuary ofBais Bay. At the time of sample 
taking the last lagoon (4) was not yet constructed. The last lagoon was constructed recently and 
there are no data available on it's performance. The data given for the canal are averages taken 
from measurements done by the Department ofthe Environment and Natura! Resources 
(DENR). 
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Table 25: Surface of URSUMCO 's lagoons 

Area(m2
) 

Lagcon 1 20000 
Lagcon 2 5300 
Lagcon 3 2000 
Lagcon 4 50000 

Table 26: Overview oflagoon characteristics 

Lagcon 1 2 

Dissolved oxygen (g/m3
) 0.2 <0.2 

pH 7.4 8.4 
Salinity (%o) 8 7 
COD (g/m3

) 750 
BOD5 (g/m3

) 930 570 
Total Solids (g/m3

) 1,540 1,940 
Total Suspended Solids (g/m3

) 

Temperature (Celsius) 36 37 
Conductivity (mS/cm) 4.6 4.07 
Source: lagoons I & 2 own measurements canal: DENR 

Lagoon I 

influent raw 
wastewater 

Lagoon 11 

canallo lagoon IV 

Figure 5: set up oflagoons I- 3 

canal 

7.8 

209 

241 

The data gathered in the first two lageons show that the lageons operate more or less as 
anaerobic ponds. Dissolved oxygen is very low and the amount of solids seems to increase 
insteadof decrease. This suggests that there is sernething wrong in the ponds ofURSUMCO. 
In facultative ponds the DO concentratien should be higher (especially intheupper layers) of 
the ponds. In the literature this type ofponds is classified as 'anoxic' ponds (Saqqar and 
Pescod, 1996). 

Anoxic ponds are characterized by three main symptoms: 
1) Dissolved Oxygen during a 24 hour period is almest zero. 
2) There is some increase in the suspended solids concentratien due to growth of algae. 
3) The pH is higher than normally found in anaerobic ponds (which lies around pH= 7). 

As can be seen from table 26, all these three conditions are also encountered in the 
URSUMCO ponds. Saqqar and Pescod used a plug flow model to calculate the first order 
kinetic constants for anoxic pondsin Jordan. They stress that their values are quite low 
compared to literature data on facultative ponds, but they explain this with the anoxic state of 
their ponds. They suggest that anoxic ponds are in fact overloaded ponds, which explains the 
poor performance. 
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A plug flow has also been assumed for the URSUMCO lagoons to estimate the kinetic first 
order constant in the first three lagoons. The following equation describes the effluent 
concentration from a plug flow reactor with first order kinetics 

equation 1 

With L; and Le being respectively the influent and effluent concentration BOD5, kT the first 
order kinetic constant at temperature T (1/day) and t the retention time (days). Data compiled 
from the present treatment instanation have been used (see also table 2). It was observed that 
some haffles in the first lagoon were misplaced and that this caused short circuiting. It was 
estimated that this short circuit reduced the operational area ofthe first pond with as much as 
25 %. The kinetic constant depends on the temperature according to equation 2, (Horan, 1996): 

kr = bo(l.035) r-zo equation 2 

With T being the pond temperature in Celsius. Assumed is that the pond temperature was on 
average 32 °C, during the whole month ofMay. This yie~ds the following results for the 
lagoons: 

Table 27: First order kinetic constantsfoundfor BOD5 remaval in lagoons 
Lagoon 1 Lagoon 2 Lagoon 1-3 

Volume(m3
) 

Li (g/m3
) 

Le (g/m3
) 

Q (m3/day) 
t (days) 
k20 (1/day) 

13,200 5,300 27,300 
2,300 930 2,300 

930 570 210 
118 118 118 
112 

0.005 
45 

0.007 
232 

0.007 

The table shows that the kinetic constants are very low, even lower than the values found by 
Saqqar and Pescod (range 0.01 - 0.12 day-1

). Which is another indication that URSUMCO's 
lagoons are overloaded. 

3.1.2 Prediefion of performance of lagoons in current state 

Since lagoon 4 was newly built and no information on the performance was available, the 
values for the first order kinetic constant are extrapolated to include the new lagoon. With the 
plug flow model and the first order kinetic constants that have been calculated for the present 
lagoons, predictions can be made for the performance ofthe four lagoons together for different 
scenario's. 

Two scenario's have been used to calculate these performances The first scenario consistsof 
the conditions under 'normal' operation. An average volume flow of 118 m3/day was assumed 
for this scenario. This wasbasedon the water flowchart ofURSUMCO (see appendix C). The 
second scenario represents sustained peak flow conditions. In these calculations a flow ofthree 
times the normal flow was assumed. 
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The wastewater of a sugar millis generally characterized by a high organic load (as measured 
with BOD5) and a high concentratien of suspended solids. The measurements doneon the raw 
wastewater ofURSUMCO show that this is also the case here (see appendix B). The average 
BOD5 concentratien during the sample period was lying around 2300 g/m3

, but these data were 
obtained near the end ofthe milling season. Consequently the BOD5 concentratien ofthe 
influent has been increased to 3000 g/m3 for designing purposes. Data ofthe influent for the 
two scenarios are summarized in table 28. 

Table 28: Characteristics ofinjluent 

parameter 
BOD5 concentratien (g/m3

) 

Volume flow {m3/day) 
Suspended Solids (g/m3

) 

normal 
3000 

118 
290 

peak 
3000 
353 
290 

The wastewater stays fora longer period of time in the lagoons and the performance is 
influenced by elirnatic conditions as temperature, rain and evaporation. Since the wastewater 
will still he in the ponds after milling season has ended and because the refinery also works at 
irregular intervals during off milling season, the performance of the ponds have to he 
calculated for the raining season. This means a net rainfall and a minimum temperature of 24 
oe. 

To incorporate the effects ofrain and evaporation on the flows, the following equation is used 
(Balk erna, 1995): 

Qe = Q- O.OOIA/ e equation 3 

In which Qe stands for the effluent flow (in m3/day), Q for the influent flow, Ar for the surface 
area ofthe ponds at mid depth (m2

) and e for the net evaporation rate (rnrnlday). In the present 
calculations the evaporation rate is assumed at -2 rnrnlday, which in fact means that the volume 
in the ponds increases due to rainfall. This will have two effects. First of all, a higher volume 
of water will cause a lowered BOD5 concentration, and a higher flow will decrease the 
retention time. To account for this last one, equation 4 has been used (Balkema, 1995): 

2AJ·d 
t = equation 4 

2Q- O.OOIAJ · e 

Where t is the retention time (days) and d stands for the depthof pond (m). 

Table 29 gives the results for the model calculations. From these calculations it can he seen 
that although the pond systems seem to work good under the normal conditions, but only a 
slight increase in the inflow will result in a effluent quality that is no longer within the limits 
from the DENR (150 g/m3 BOD5, see appendix G). An sudden increase in wastewater is not 
unlikely. Large amounts of wastewater might hetheresult of a breakdown or some other 
technica! malfunction. 
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Table 29: Prediefion of current performance 

Parameter 

Lagoons 1 + 2 + 3 
Total Volume, V (m3

) 

Retentien time, t (days) 
Effluent BOD5 concentratien (g/m3

) 

Surface loading (kg/ha day) 

Lagoon 4 
Total Volume, V (m3

) 

Retentien time, t (days) 
Effluent BOD5 concentratien (g/m3

) 

Lagoon 5 
Effluent BOD5 concentratien (g/m3

) 

Retentien time, t (days) 
Required volume (m3

) 

Overall 
Effluent flow (m3/day) 
Effluent BOD5 (g/m3

) 

Total retentien time (days) 
Extra area needed (ha) 

normal operatien 

27300 
188 
802 
129 

50000 
225 
113 

272.2 
113 
413 

0 

during peak flow 

27300 
72 

1815 
388 

50000 
109 
731 

150 
226 

114800 

507.4 
150 
407 
11.5 

To be able to deal with a sustairred peak load an additionallagoon is needed with a surface of 
at least 11.5 ha. This area can be greatly reduced by implementing one ofthe options that will 
be described in the following chapters. First some general improvements are discussed that 
will increase the performance. 

3.1.3 General improvements possible 

Apart from the fact that the lagoons from URSUMCO seem to be overloaded, there are still 
some other changes that can be made to improve the performance. These following 
recornmendations are easy to implement and should be relatively cheap. Some can be done in 
the lagoons, some have to be done inside the factory itself. 
1. The first thing that could be done to improve the performance ofthe lagoons is the 

upgrading ofthe oil skimmers. Measurements doneon the wastewater ofURSUMCO show 
that the concentratien oil & grease is very high (around 4 grams/L). Although even crude oil 
will be converted, albeit extremely slow, the floating oil on the surface hinders the diffusion 
of oxygen in the ponds. This could also be a cause for the anoxic state that the lageons are 
in at the moment. · 

2. Replacement ofthe haffles inside the first lagoon. Figure 6a gives a schematic overview of 
the current set up ofthe first three lageons and the haffles placed inside. As can beseen 
from this picture the fust and the last baffle are misplaced and this causes a short circuit that 
reduces the operational area ofthe lagoon and thus the retentien time. By moving and the in 
and outlet structures this problem can be evereome as shown in figure 6b. 
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Lagoon I 

t 

influent rww 
wastewater 

figure 6b: new situation 
in/et and outlet moved 

canal to lagoon rv 

3. Breaking up ofthe sludge floating on the lagoon's surface. It was observed that sludge is 
moved to the surface by the activity of gasses formed at the lagoon bottom. At the surface it 
forms a thick blanket that again hinders the diffusion of oxygen. This sludge should be 
removed orbroken up so that it will settie again on the bottorn ofthe lagoon. 

4. A better waste disposal for the chemica! controllaboratory. At the moment the laboratory 
disposes ofit's wastes through the sinks that empty again in the lagoons. This wastewater 
will contain heavy metals like Lead (Pb) and Mercury (Hg) that are used in the 
determinations of sugar purity and the COD measurements. These compounds can affect 
biological growth, therefore other options forthese analysis that do notmake use ofthis 
these metals should be researched or the wastes from these analysis should be separated 
from the other wastes and be dealt with by means of another method. At the Central 
Azucarera Don Pedro sugar mill use oflead sub acetate is minimized. Filters used in these 
analyses are disposed ofby locking them into drums that are stored in a special site, 
(Mijares, 1993). 

5. Proper maintenance of ponds. Every couple of years the ponds need desludging. This 
prevents the accumulation of sludge on the bottorn and the reduction of lagoon volume and 
hence retention time as a result. The sludge can be dried in the sun and then distributed as 
fertilizer on sugar cane fields. 
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3.2 INTRODUCTION OF AN ANAEROBIC POND 

By converting a part ofthe first lagcon into a proper anaerobic one, the organic loading will be 
reduced, thus enabling the following lageons to function more as facultative lagoons. The 
proposed set up ofthe waste stabilization pondsis represented in figure 3. After an anaerobic 
pond (A), two or three facultative ponds (F) will fellow. A fish pond (FP) is optional. 

Figure 7: schematic representation of improved lagoon set up. 

In an anaerobic pond the level of dissolved oxygen is almest zero throughout the pond except 
for a very shallow surface. The microbial population consists of facultative and strictly 
anaerobic bacteria that transferm organic matenals by ways of fermentation. The end products 
ofthe anaerobic process are meiliane and carbon-dioxide. As much as 70% ofthe BOD5 load 
is converted into these two gasses and the sludge production in an anaerobic pond is therefore 
very low (Horan, 1990). 

Allaerobic lageons are foliowed by facultative lagoons. Facultative lagoons have a shallow 
band of water (around 30-60 cm deep) where algae grow. During the day these algae produce 
oxygen that is used by aerobic bacteria to reduce the BOD5 load. At the bottorn ofthe pond 
there is no dissolved oxygen present. Sludge produced in the upper layers is digested by 
anaerobic bacteria at this point. To remove the algae from the effluent of facultative ponds a 
fish pond can be used. 

3.2.1 Design of anaerobic pond 

The design ofthe pondsis basedon the characterization that was made ofthe influent ofthe 
lagoons. All the pondsin the calculations are assumed to have the samedepthof 1m unless 
stated otherwise. Equations 3 and 4 have been used again to incorporate the effect of rain in the 
ponds. 

The volume ofthe anaerobic pond is determined by the maximum acceptable volumetrie 
loading ofthe pond: 

L·Q 
À..=--v equation 5 

Where A5 is the volumetrie loading (gram BOD/m3 day), Li is the concentration BOD5 at the 
inflow, Q represents the volumetrie flow (m3/day) and V the volume ofthe pond (m3

). For 
temperatures above 20 °C an acceptable loading of 300 gram BOD/m3 day is used 
(Horan, 1990). 

The construction ofthe anaerobic pond is not so difficult. In the specific case of URSUMCO 
the anaerobic pond can be easily located in the present fust lagoon. By excavating part ofthe 
pond the first lagoon is converted into an anaerobic lagoon. If the secend baffle is closed, an 
anaerobic fust pond is created with a volume ofaround 10,000 m3

• Basedon equation 1 and 
the maximum acceptable loading of 300 gram BOD/m3 day this volume should be large 
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enough to be able to properly handle an increase in the daily load of around 4 times the present 
waste flow. To predict the effluent BOD5 concentratien of an anaerobic pond the following 
equation was used,(eanter and Malina, 1978): 

L Le - -- ' equation 6 -6t( trg +1 

in which t represents the retentien time (days), Li and Lethe BOD5 concentratien in the influent 
and in the effluent. The resulting concentrations in the effluent of the anaerobic pond are 
summarized in table 30. 

Table 3 0: Performance of anaerobic pondbasedon a volume of 10,000 m3 

Retentien time (days) 
BOD5 effluent (mg/L) 
BOD5 remaval 

normal eperation during peaks 

78 28 
958 1140 

68% 62% 

The performance of an anaerobic lagcon is also influenced by the depth ofthe pond. A.J. 
Horan specifies an optima! depth of 4m for anaerobic ponds, (Horan, 1990). At present the 
depth ofthe first lagcon is only lm. This means that there is stillsome room for improvements 
by increasing the pond depth, when the anaerobic pond turns out to be still not werking 
adequately. This will have two effects: the fust is an increase in volume andretentien time 
which will increase the efficiency and the secend effect is that the anaerobic conditions are 
better maintained throughout the pond, which increases efficiency . The major disadvantage of 
the use of an anaerobic pond is the smell it could cause. In the current set up, odor problems 
are only small. The ponds are located at the edge of a sugar cane field and no human habitation 
is located in the neighborhood. 

3.2.2 Design of facultative ponds 

The optima! design for a facultative pond is based on the surface loading rate. This loading rate 
is a function ofthe temperature. Horan uses the equation developed by D.D. Mara to calculate 
the maximum acceptable surface loading at a specific temperature: 

À= 350(1.107 -0.002T)T-lJ equation 7 

In this equation T stands for the average temperature (0e) during the coldest month and À for 
the acceptable surface loading in kg BOD/ha day. With a minimum temperature of24 oe this 
will result in an acceptable surface loading of331 kg BOD/ha day. 

A wide range ofkinetic process conditions was assumed to model the BOD5 conversion in a 
facultative pond. Marais and Shaw proposed a completely mixed pond with first order kinetics 
to describe the BOD5 conversion. Thirumurthi used a dispersed flow model to predict the 
BOD5 remaval rates. Ifthere are no dispersion data available he suggested a plug flow model 
(see equation 1). This last model was used to calculate the results ofthe two different 
scenarios. The first order kinetic constant was taken from the calculations ofthe present 
performance ofthe lageons (see table 27). Since noother data are available, the average of 
these kinetic constants has been used anyway in the design ofthe new facultative ponds. The 
lageons should function better after the improvements and the kinetic constant will increase. 
Fora minimum temperature of24 oe the kinetic first order constant k = 0.007 1/day. 
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Facultative 

1')--L-------i 

Allaerobic 

Rawwaste 
water influent 

To final pond 

Figure 8: set up of anaerobic jirst /agoon 

The new set up ofthe lagoons is described in figure 8. The fust pond is anaerobic and the other 
two are facultative. An extra baffle in the third facultative pond will insure a better plug flow. 
Table 31 summarizes the important parameters for the new set up ofthe lagoons. The 
calculations show that even with a new anaerobic pond, the present set up is not capable of 
lowering the BOD5 concentratien enough in case of sustairred peak flow. Additionallagoons 
still have to be set up, however the required additionalland is more than halved. Since this 
op ti on also calls for the transformation of more land into lagoons, the most easy thing to do 
would be to construct a deep anaerobic pond in front ofthe present ones. This way the new 
pond can easily be dug out to a proper depth of around 4 meters and difficulties with draining 
and excavating the present first lagoon can be avoided. 
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Table 31: Design offacultative lagoons 

Facultative pond 1 
Volume (m3

) 

Surface loading (kg/ha day) 
Retention time (days) 
Effluent BOD5 concentration Le (g/m3

) 

Facultative pond 2 
Volume (m3

) 

Surface loading (kg/ha day) 
Retention time (days) 
Effluent BOD5 concentration Le (g/m3

) 

Facultative pond 3 
Volume (m3

) 

Retention time (days) 
Effluent BOD5 concentration Le (g/m3

) 

Overall (anaerobic + facultative) 
Effluent flow (m3/day) 
Effluent BOD5 (g/m3

) 

Total retention time (days) 
Extra area needed (ha) 

3.2.3 Set up of a fish pond 
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normal peak 

10,000 
113 
68 

510 

7,300 
96 
44 

326 

50,000 
225 

62 

172.2 
62 

415 
0 

10,000 
402 
26 

899 

7,300 
459 

18 
751 

50,000 
109 
337 

407.4 
150 
297 
4.7 

The effluent of facultative ponds contains a high concentration of suspended solids in the form 
of algae. These algae can contribute to a high BOD5 concentration and therefore they have to 
be removed from the effluent. This can be done by filters or a special outlet structure. The 
outlet structure will be discussed in chapter 3.4, but in this section a closer look will betaken 
into the possibilities of a fish pond as means to clean up the effluent. 

An advantage ofkeeping fish in a lagoon could be the extra income derived from these the sale 
of these fish. However, the rul es of fish culture with the goal for the greatest amounts of fish 
are not the same as the rules for the greatest efficiency in algae removal. Unfortunately it is not 
possible to optimize both performances at the same time. lt is therefore not realistic to view a 
fish pond in a wastewater lagoon as a means to generate additional income. 

There are a1so some other difficulties with keeping fish in these wastewater ponds. Canter & 
Malina mention some of these difficulties: 
1) Maintenance of a sufficiently high concentration of dissolved oxygen is difficult. A 

minimum of 3 mg/L is usually used as guideline. At present DO concentrations lie below 
this level for the lagoons ofURSUMCO. This means that there will be a need for additional 
sprays or narrow sluices in the fish ponds. 
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2) Eliminatien oftoxic substances and conditions, such as ammonia, sulfides, impraper pH or 
water temperatures. Salfates are present in the wastewater and these can be converted to 
sulfides. Also is it possible that the pH changes often. Another related problem lies with the 
Chemica! Control Labaratory which discharges its liquid wastes into the lagoons, this 
means that the lagoons will contain amounts of Lead (Pb) and maybe even Mercury (Hg), 
which is used for various chemica! analyses. This would might result in a situation that the 
cultured fish can no longer be used for human consumption. 

3) Maintenance of a biologica! balance that would yield adequate quantities of fish food. 
Dilution of two to five volumes of clean water are added to the sewage in fish ponds in 
middle Europe according to Canter & Melina. This would mean a large area needed for the 
fish pond, if all the effluent needs to be passed through the fish ponds. 

Basedon the observations ofthe current lagoons ofURSUMCO, it may be concluded that it is 
difficult to cultivate fish inside the lagoons. This option can only be accomplished successfully 
after the performance ofthe first lagoons has been improved and a good quality ofinfluent into 
these fish ponds can be insured. A fish pond parallel to the facultative lagoons can still be an 
option. Only at certain times wastewater from the lagoons is allowed to enter the fish ponds to 
feed the fish. However the advantage that the fish will eat all the algae is greatly reduced. Not 
all the wastewater will pass through the fish ponds and consequently not all the algae will be 
removed. 
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3.3 CONSTRUCTION OF A NEW ÁERATION POND 

A good method to decrease the BOD5 load entering the lagoons is the introduetion of an 
aeration pond before the lagoons. In an aerated lagoon oxygen is introduced into the 
wastewater by means of surface aerators or diffuser units. Organic contaminants are partly 
digested by aerobic bacteria to produce new biomass. The aerobic process is characterized by 
the large production of sludge. The sludge that is formed in the aeration pond has to settie 
down in a settling tank after the aeration period. Every so often this settling tank should be 
emptied and the accumulated sludge should be disposed of. After a period of drying the sludge 
can be distributed as fertilizer. 

An aeration pond is already present although it is not in operation at the moment. However, the 
location ofthe pond has some drawbacks. The open air storage of bagasse is located right next 
to it and bagasse particles are blown into the pond. 1t was observed that this obstructed a proper 
aeration and that the bagasse particles would be an additional souree ofBOD5 (Lipkow, 1995). 
lt should therefore be considered to set up the aeration pond at another site where this problem 
will not influence the operation. 

No data are available on the performance ofthe former aeration pond in terms ofBOD5 

removal nor on amounts of sludge produced. This limits the possibilities fora proper design 
and the following paragraphs should betaken as estimations ofthe possible performance. Data 
derived from the actual performance ofthe aeration pond should be evaluated and the design 
should be adapted on the basis of these analysis. The design is madefora complete new 
aeration pond, located within the present first lagoon. Ifthe fust baffle is closed a new lagoon 
is formed and surface aerators can be put in it to supply the lagoon with oxygen. 

3.3.1 Design of the aeration pond 

If the first baffle is closed, a new lagoon with a surface area of 5250 m2 is constructed with a 
depth of 1 meter. An aeration pond can be modeled as a continuous stirred tank reactor with 
first order kinetics. Equation 8 gives the BOD5 concentration ofthe effluent according to this 
model (Metcalf & Eddy, 1979) 
Le 1 

-
Li 1 + k(V IQ) 

equation 8 

Where Le and Li are the effluent and influent BOD5 concentrations (g/m3
) respectively, k is 

the first order kinetic constant (1/day), V is the volume ofthe pond (m3
) and Q the volume 

flow (m3/day). Metcalf & Eddy give a range for k that lies between 0.25 and 1.0 1/day. We 
assume for our calculations a value for somewhere in between these two: k = 0.4 1/day.This is 
still quite low, consiclering that the kinetic constants mentioned by Metcalf & Eddy are based 
on temperate clirnates and that in tropical climates this constant will be automatically higher 
since it depends also on temperature (see equation 2). 
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Because the present aeration pond is no langer in use, there has never been any additional 
maintenance on the equipment. It is questionable whether the present equipment can still be 
repaired. Therefore a complete new aeration system will be designed. One ofthe most 
common aeration systems is the mechanica! floating surface aerator. The aerators have two 
functions: supplying the system with oxygen, required for the aerobic conversion of organic 
substances. And secondly the mixing ofthe ponds, so that the sludge will be kept in suspension 
and will notsettie on the pond bottom. The size ofthe aerators is determined by whichever 
power requirements is greater, the one for mixing or the one for oxygen transfer. 

The oxygen requirements necessary to convert organic compounds aerobically, can be based 
on the concentratien BOD5 that needs to be converted and the sludge concentratien Ieaving 
with the effluent. This results in the oxygen requirements per day. 

OD = Q(Li - Le) - 1.42Px 
f 

Wh ere: 
OD = oxygen demand (g 0/ day) 
Q =volumetrie flow (m3/day) 
Li = influent BOD5 concentratien (g/m3

) 

Le =effluent BOD5 concentratien (g/m3
) 

f= conversion factor BOD5 to BOD"'; 0.68 assumed 
P x = mass of organisms wasted (g/day) 

equation 9 

Metcalf & Eddy give the typical performance in terms of oxygen transfer capabilities for 
various aeration devices. Typical rates for surface aerators range from 0.7 to 1.3 (kg 0/kW h) 
under field conditions. With this constant the power requirements can be calculated by 
dividing the aeration rate by oxygen demand required for the conversion as defined in equation 
9. To guaranty complete mixing ofthe aeration pond the power requirements for surface 
aerators are specified in equation 9 (Horan, 1990). 

Pw = ( 0.004[ TSS] + 5) · V equation 10 

Wh ere: 
P w = the required power for mixing (W) 
[TSS] = concentratien oftotal suspended solids g/m3 (original solids present+ sludge) 
V =volume of aeration pond (m3

) 

Table 32 gives an overview ofthe predicted performance ofthe aeration pond and the power 
requirements for the surface aerators. From the table it can be concluded that the power needed 
for oxygen transfer during peak flows should be the basis ofthe design ofthe surface aerators. 
A safety factor of at least 2 should be incorporated when choosing an aerator. That is: the 
aerator should be able to have at least twice the power that is calculated to handle shock Ioads. 
This means that 4 surface aerators of 40 kW can be placed in the aeration pond. The distance 
between the aerators is then 20 m and this is sufficient for the aerators to not interfere with 
each others operation. Figure 9 shows this set up. 
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Table 32: Aeration Pond Performance and Aeration Requirements 

normal peak flow 
Flow (m3/day) 
Retentien time (days) 
Effluent BOD5 (g/m3

) 

Sludge conc. X (=P J (g/m3
) 

Total Suspended Solids (g/m3
) 

0 2 transfer required (kg/day) 
Ratio 0 2 I BOD5-removed 

Power needed for 0 2 transfer (kW) 
Power needed for mixing (kW) 

118 353 
45 15 

160 431 
1704 1541 
1994 1831 

489 
1.46 

29 
68 

1330 
1.47 

79 
65 

The BOD5 concentratien teaving the aerated lagoon is sufficiently low that no problems are 
expected anymore in the following facultative lagoons. No additionalland is needed therefore 
if this op ti on is chosen. The present fourth lagcon can then be turned into a fish pond. With an 
aerated lagoon, the conditions necessary for survival ofthe fishes are easier maintained. 

3.3.2 Design of settling basin 

Behind the aerated lagoen a solid separation facility is necessary to remove the sludge 
produced. The easiest set up ofthe separation facility would be to construct a large earthen 
basin. The settling facility should be capable to store the remaining amount of solids according 
to equation 11. 

~ludge = {TSSi- TSSe) * Q * 365/2 equation 11 

Wh ere TSSi is the influent concentratien of suspended solids (both sludge and normal 
suspended solids) entering the settling basin, TSSe is the suspended solids concentratien after 
settling and this is limited by the DENR standards for class SC coastal waters. The allowable 
concentratien of suspended solids according to this standard is limited to 150 g/m3

• Q is the 
average wastewater flow (118 m3/day) Since the sugar millis not producing the whole year 
around, the sludge accumulation is only calculated for a period of six months. 

The overall suspended solids production in the aeration pond consists ofthe original suspended 
solids present and the sludge production due to aerobic conversion in the aeration pond. 
Assumed is that the original suspended solids do not contribute to the BOD5 concentratien and 
will not be converted in the aeration pond. Equation 12 puts this into a formula: 

TSSi = {TSS0 + A) equation 12 

Wh ere TSS0 is the concentratien of suspended solids in the original wastewater flow (290 
mg/L) and X is the concentratien ofsludge produced. 
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rawwaste water tolast 
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Figure 9: Construction of a new aeration pond 

With no ether data available, the amount of sludge produced in an aerated lagcon can be 
estimated by equation 13 _ 

X= Y(Li -Le) equation 13 

Where Y is the growth yield constant. Sirreethere are no specific data regarding the value ofY, 
a typical value for Y mentierred by Metcalf & Eddy has been used: Y = 0.6 (kg dry matter/ kg 
BOD5). 

With the mass of accumulated suspended solicts inthebasin present, the maximum volume 
taken in by the sludge can be calculated if it is assumed that the sludge will not be degraded. 
Metcalf & Eddy give a specific gravity of 1.010 kg/m3 for sludge produced in an aerated 
lagoon. For sludge produced in a secondary settler, the solids concentratien does not exceed 
2.5 %. This can be used to compute the total volume of sludge settled in the pond in one year. 

Msludge 

Vs!udge = 1.01 0 * 0.025 * pw equation 14 

Sirreethere will besome anaerobic digestion at the pond bottorn ofthe sludge, this has been 
estimated to be 50% volume reduction per year. The results are calculated and presented in the 
following tab les. A surface area of 5000 m2 is assumed. This is equal to the area that will be 
constructed by closing the secend baffle. 
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Table 33: Overview Settling Basin 

Normal 
Surface (m2

) 

Effluent TSS (g/m3
) (DENR) 

Sludge accumulated (kg/year) 
Sludge volume (m3/year) 
Height ofsludge blanket (cm) 

Overflow rate (m3/m2 day) 

5,000 
150 

42,806 
848 

17 

0.024 

Peak 
5,000 

150 
117,897 

2335 
47 

0.071 

URSUMCO 's Waste Stabilization Ponds 

An important control mechanism is the overflow rate of a settler. A maximum value of 24 
m3/m2 day should not be exceeded ifit is assumed that the sludge will have a Sludge Volume 
Index of 150 mVg. This is a value that represents sludge with bad settling properties. (Van der 
Graaf, 1995). The results make clear that this value will never be exceeded. Ifthe depth ofthe 
pond will be dug out to be 2m, the pond needs desiudging every 2 to 5 years to provide the 
basin with a minimum flowdepthof 1m. 
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3.4 ÜTHERGENERAL DESIGN CONSIDERATIONS 

Apart from the set up of the design, also other aspects more related to the construction can 
significantly contribute toa better efficiency ofthe operation. Some important provisions will 
be discussed below. 

!niet and outlet works 

The inlet works for an anaerobic pond consist usually ofpipes placed on the pond bottom. This 
is done so that there will be no introduetion of oxygen in the lageons by mixing at the surface. 
This should also be considered ifthis kind of pond is chosen and constructed in the present set 
up. The lageons are already relatively shallow (for anaerobic standards that is) and any 
additional oxygen introduced in the water is therefore likely to adversely affect the 
performance. 

The outlet works for anaerobic lageons and facultative lageons are usually also placed under 
the water surface. This ensures the release of effluent with the highest standards and prevents 
floating solids and scum from entering the next poad. For facultative ponds this point should 
be lowered to at least 60 cm below the water surface. These first 60 cm is the location ofthe 
algae band and retaining these in the ponds will enhance the efficiency ofthe pond en will also 
lower the concentratien of suspended solids in the effluent due to these algae, (Horan, 1990). 

At the moment the wastewater is transported from one lagoon to the other by small open air 
canals with a hatch, or overflows. Valved piping should replace the existing hatches, for 
anaerobic and facultative pon ds. Figure 10 shows a construction that can be used to discharge 
water below the surface: 

~0.2 m 

Water 

ao.5m 

~Olm _Siudge 

Figure I 0: outlet for anaerobic and facultative ponds Figure IJ: outlet structure for settling 
pond 

The discharge of a settling basin is usually some sort of overflow. At the top ofthe water 
column the concentratien suspended solids will be the lowest and at this point the water should 
be discharged. However, to prevent floating sludge from entering the next pond a simple 
construction shoWn in figure 11 could be installed. 
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The hatches and overflowscan still be used. By closing the up toa certain point they will start 
to function as an overflow in case of sustained peak flows or excessive rainfall. An additional 
point of concern should be the possibility to empty the ponds completely. This is certainly 
necessary for the new settling basin, because that will have to be emptied once in a while 1o 
remove the sludge at the bottom. If a fish pond will be set up, it also requires a facility to 
empty the pond completely during harvesting. Ifthe harvesting is done by nets, notall fish will 
be harvested and for the next stocking, fish with different sizes will be swimming in the pond, 
thus making it impossible to determine a proper feeding schedule. 

Bajjles 

Baffles that are placed correctly in the lagoons prevent short circuiting and help establishing a 
plug flow regime in the ponds. One or more haffles should be placed inside lagoon number 4. 
A new baffle in the present lagoon 2 can also help to insure a better plug flow there. 

Lagaan bottam 

The lagoon bottorn should be made as level as possible except around the inlet structures, 
where it usually is a little bit deeper. This could mean that lagoon number 2 should receive 
some attention to dig outsome partsofit that seem to be shallow. Furthermore the lagoon 
bottorn should be compacted to prevent excessive seepage. Especially in aerated lagoon it 
might by wise to line the bottorn and sides with concrete or some sort of plastic. (Butyl rubber 
or similar material is suggested by Kung-cheh George Li). This should proteet the bottorn and 
sides ofthe lagoon from erosion and scouring due to the turbulence induced by the aerators. 
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3.5 COMPARISON OF THE ÜPTIONS 

3.5.1 Teehoical comparison of options 

In the previous chapters the performance ofvarious options has been reviewed. In the table 
below the op ti ons are compared to each other and with the situation of the current 
performance. 

Table 34: Overview of different options 

current set up anaerobic pond aeration pond 
normal peak normal peak normal peak 

Effluent BOD5 (g/m3
) 113 150 62 150 160 431 

Effluent flow (m3/day) 272.2 507.4 172.2 407.4 
Retentien time (days) 413 407 415 297 45 15 
Extra area (ha.) 0 11.5 0 4.7 0 0 

The different options have been designed to comply with the standards set by the DENR. With 
regard to that aspect all the options are the same. However there are some differences 
As can he concluded from the table, an additional area is needed of 11.5 ha. The anaerobic 
pond has a retentien time in the same order of magnitude, but the required BOD5 conversion is 
more easily reached. The additionalland area is more than halved to 4.7 ha. The aeration pond 
has the lowest retentien time ofthe three options. No additionalland is necessary and the 
aeration pond has the advantage that it is well capable in handling shock loads. Process 
conditions in the lagoons are easier controlled. A disadvantage is that the aeration pond needs 
more maintenance and the settling basin has to he desludged regularly. 

3.5.2 Costs 

An important consideration (maybe even the most important) when choosing a specific option 
is of course the costs that derive from implementing these options. The following table groups 
the various costs under construction costs, operational costs and máifitenance costs. No 
quantification is made. Some costs for example the moving ofthe inlet in the first pond 
belongs to both options since that has to be done anyway to improve the performance. 

The costs for the construction will probably be in the sameorder of magnitude. Where as the 
aeration pond needs lining ofthe bottorn and ofthe sides, the anaerobic pond needs a special 
inlet and outlet structure and more land area. The operational and maintenance costs for the 
aerobic pond are obviously higher. This is mainly due to the electricity costs for the surface 
aerators and the fact that the aerobic pond needs more desludging. 
Generally, the choice of pond system is dependent on the price ofland. Ifthere is no possibility 
to acquire more l<;md, or the land price is very high then the aeration pond might he valuable 
solution to the problems. If land is cheap then the construction of additionallagoons and the 
construction of an anaerobic pond are the most favorable options. 
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Table 35: general overview of expected casts 

Construction 
Inlets 

Baffles 

· Outlets 

Bottom 

Additional 
requirements 

Operation 
Electricity 

Maintenance 
Desiudging 

Other 

Allaerobic lagoon 

Inlet of wastewater on the pond 
bottorn 
Second baffle has to be closed 
completely 
Outlets under the water surface 

Deepening the anaerobic pond if 
anaerobic conditions are not 
satisfactorily met 
New lagoon with 4.7 ha. extra area 
needed for peak flows 

none 

Desiudging the ponds every five years 

Breaking up sludge floating on the 
surface ofthe anaerobic pond 
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Aerated lagoon 

none 

none 

special overflow structure 
needed for settling basin 
Deepening settling basin. 
Lining the bottorn and sides of 
the aerated lagoon 
4 floating surface aerators 

80kW 

Desiudging the settling basin 
every 2 years. 
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4. CONCLUSIONS AND RECOMMENDATIONS 

In the previous chapters a pollution assessment for the coastal area around Bais Bay has been 
discussed. Although at present there is no indication of any lasting effects of pollution, an 
increase in various activities might lead to undesirable effects. Therefore it is wise to make an 
overview ofthe current pollution sourees and loads. Attention has focused on the wastewater 
of four sectors: industrial, domestic, aquacultural and agricultural wastewater. The most 
important conclusions that can be drawn from the study into their wastes are: 

Dornestic liquid waste is the main contributor of organic waste and an importq.nt souree of 
nutrients. The sugar mills are, contrary to popular belief, not the worst polluters ofthe region. 
Although their waste poses an important point source, the other sectors have a higher share in 
the organic waste load and the load of suspended soli ds. The cantrolling devices that the sugar 
mills use are very important, because they reduce the potential high waste loads. Government 
regulations should be enforced on the mills to keep them maintaining their waste stabilization 
pon ds. 

Agriculture is the main contributor of nutrients. Organic waste from this sector is caused by 
the intensive poultry production. Since this is mainly attributable to one company, a policy 
against this pollution should be relatively easy to implement. 

A surprising condusion ofthe study was that (semi)-intensive aquaculture does have a large 
contribution to pollution. Contri bution of nutrients and organic waste can not be neglected. It 
was found that illegal chemieals are frequently used, although the impacts have not been 
quantified. 

Future research should be directed to aquaculture. It is an activity that is rapidly increasing. It 
is also the sector where pollution negatively affects the revenues the most. Research on the 
environmental capacity ofBais Bay is necessary to be able to properly regulate the 
development of this sector. 

Another point of interest is the precise contribution of sugar cane production. This study used 
only global information to predict the nutrient runoff of this sector and a more detailed study 
might come up with more accurate results. 

One ofthe specific goals ofthis study was to improve the performance ofURSUMCO's 
waste stabilization ponds. Measurements performed inside the lagoons showed that the 
lagoons are operating in an 'anoxic' state. This suggests that the lagoons are overloaded due 
to a too high BOD5 concentratien entering the ponds. 

Model calculations showed that the four current lagoons are not be expected to perform 
within the limits set by the Department ofEnergy and Natura! Resources under all conditions. 
Only a small increase in the effluent flow already makes the present set up unable to remain 
within the limits. In the current set up an additional 11.5 ha. is necessary to deal with these 
situations. 
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Two options have been discussed to reduce the BOD5 load entering the ponds. The first 
option was the deepening ofthe first pond and convertingit into a proper anaerobic lagoon by 
placing a special outlet structure. It was shown that in this option additionalland is still 
necessary, but the area is reduced to 4.7 ha. 

The second option that was discussed was the construction of an aeration pond and a settling 
basin. It was shown that no additionalland is necessary, but the bottorn and sides of the frrst 
pond need lining and the settling basin needs to be deepened to provide enough room for 
sludge storage. 

A fish pond might be a very good way to get rid ofthe algae that will grow in the facultative 
lagoons, but at the moment it is difficult to make a fishpond completely integrated in the 
lagoons. A fish pond parallel to the lagoons can be used, but this has the disadvantage that the 
algae that can cause a high BOD5 concentration in the wastewater will not all be eaten. The 
algae in facultative ponds then have to be retained with the use of an outlet structure that 
draws water from a depth of at least 60 cm from the lagoon surface. 

The discussed options have been dimensioned to comply with the govemment regulations for 
industrial wastewater discharge. There are however a couple oftechnical differences. An 
aeration pond is better able to handle shock loads and the retention time in the lagoons is low. 
However it requires more maintenance. An anaerobic pond is cheap and requires low 
maintenance, but the retention time is longer than with an aeration pond. The construction of 
an aerobic lagoon with surface aerators is the more expensive option, but the choice for an 
option depends on the availability ofland for new lagoons. lfland is expensive than the 
aerobic surface aerators might turn out to be the more preferabie option. 

The calculations for the options are based on a lot of assumptions. The most important 
assumption has to do with the volume ofthe wastewater in the lagoons. All the calculations 
are based on the calculated average volume flows that leave the production process. 
Measurements ofthe actual values of average flows and especially the peak flows are 
indispensable to give an accurate overview of the implications for the land area needed. 

To imprave the general performance ofthe lagoons some maintenance has to be done. First of 
all the oil skimmers need upgrading or fixing. New inlet and outlet structures in the first 
lagoon will circumvent the present problems with short circuiting. 

The chemical controllaboratory should look into its waste disposal. Options for different 
chemical analysis methods that do notmake use of heavy metals should be researched ortheir 
wastes should be separated. Otherwise it is uncertain whether cultured fish can be eaten and 
sludge can bè used as fertilizer. 

The last recommendation has to do with proper maintenance ofthe ponds themselves. 
Although waste stabilization ponds need very little maintenance they still need some ! 
Breaking up sludge floating on the surface is one ofthe things that should be done regularly. 
Every couple ofyears the ponds should be drained completely and the sludge deposited at the 
bottorn should be removed. lfthese things are done, then a satisfactory performance can be 
guaranteed for longer periods of time. 
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Appendix 

APPENDIX A. METHODOLOGY 

Laboratory Procedures, Precision and Accuracy 

Tempera/ure, pH and Salinity 

Temperature, pH and salinity were taken for each and every sample, including theseparate 
samples that formed a composite. The pH meter was calibrated at the beginning of the expe
riments. Temperature was taken directly at the sampling site, but pH and salinity were taken in 
the chemical controllaboratory, directly after sampling took place. The time span between 
sampling and measurement was approximately five minutes, assumed to be short enough for 
reliable results. A refracto-meter (Antago hand refracto meter) was used to determine the 
salinity. 

Biologica! Oxygen Demand 

Biological Oxygen Demand ( Bon;o) measures the amount of oxygen required for the 

biological degradation of organic material present in the wastewater. A small sample was placed 
in an airtight bottie (volume 300 mi) and dilution water that had been saturated with dissolved 
oxygen was added. The sample was buffered and nitrate, phosphorus and traces of metals were 
added to insure a good bacterial growth. The dissolved oxygen concentratien was measured 
before and after a five day period and from the difference a BOD5 value could be calculated. The 
dissolved oxygen was measured with a special dissolved oxygen meter (YSI meter, model 51 b ), 
borrowed from CVPC. Since no temperature controller was available in the laboratory, the 
BODs botties were placed on the air-conditioning unit. Temperature will have fluctuated 
somewhat since the air-conditioning did not operate continuously. However these temperature 
changes will not have been very big since the Iabaratory operated 24h a day and an average 
temperature of25 degrees Celsius had to be insured. Three dilutions for each sample have been 
used. More dilutions were not possible with the limited number of BOD-botties present. 

Blanks have been used for each sample analyzed to insure the quality ofthe dilution water and 
the chemicals. They have been put into small incubation botties (volume 60 mi). Each dilution 
water has been tested for it's purity this way. The uptake ofthe dissolved oxygen should not 
exceed 0.2 mgll. Forthelast two tests this is the case however. These results have been rejected. 
Duplos do not add any more precision to the test, because BOD5 measurements are as a general 
rule not very precise. The pH and temperature were also monitored after the five day period. 
This servedas an additional check ofthe reliability ofthe BODs measurements. Only for the fust 
BODs-test performed these proved to lie outside the acceptable range (pH <6 ) and therefor 
these results have been rejected. 
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Chemica! Oxygen Demand 

The Chemical Oxygen Demand, or COD, is alsa designed to give an indication ofthe oxygen 
consumption ofthe wastewater. The organic contents ofthe wastewater are brought into close 
contact with a strong chemical oxidant, in this case potassium dichromate. A known excess of 
dieremate was used and after two hours boiling in the presence of concentrated sulfurie acid, the 
excess was titrated with a Ferro Ammonium Sulfate (F AS) salution with the use of ferroin 
indicator. The COD values can be correlated to the BODs values, and thus give a first indication 
of the BODs values. 
The laboratory uses a technical grade sulfurie acid which had a dark brown color. Blanks were 
therefor expected to be rather high. Two blanks have been run for the same batch of sulfurie acid 
and the COD values arebasedon the average ofthe two. For each COD measurement the 
concentratien ofthe Ferro Ammonia Sulfate (FAS) salution has been standardized against a 
known amount of potassium dichromate. Some COD measurements failed because the sample 
volume was too large and the potassium dichromate run out 

Soliels 
For the determination ofTetal Solids, 50 ml wastewater was placed on an evaporation dishand 
placed in an oven of 104 °C. For the determination ofthe Total Dissalved and Total Suspended 
Solids, a sample of 50 ml was filtered (Whatmann 40). The filter was dried at 104 °C and 
weighted. The filtrate was alsa dried and weighted. Unfortunately this gave no reliable results as 
the filters turned out to be contaminated 

A duplo has been run for each and every Total Solids analysis done. The depicted values are the 
averages for the two. Total solids was very high. V al u es were lying between 1. 48 and 3. 07 
gram/L. Since no reliable measurement could be made from the portions ofthe Total Dissalved 
Solids and the Total Suspended Solids the conductivity was taken as a global indication. To 
calculate the TDS the following equation was used: TDS (mg /L) = conductivity (mS/cm) * 700 
I 0.693. This gave values for the TDS between: 1.37 and 2.0 gram/L. The share ofdissalved 
solids as a percentage oftetal salids, lies therefor on an average of around 80%. This is a very 
high estimate. From these measurements fellows automatically the Total Suspended Solids. The 
TSS will then cernprise over 20% ofthe Total Solids concentratien found. 

Phosphate 

Phosphate is used in the boiler water to prevent Calcium and Magnesium from precipitating on 
the tube walls. Todetermine the total phosphate contents, the samples fust had to be digested to 
convert the organic phosphate to orthophosphate. To do this, samples have been digested with a 
combination of concentrated sulfurie acid and concentrated nitric acid. The manual prescribes 
'micro Kjeldahl flasks', but these were not available. Instead a 250 ml flask was used in 
combination with a reflux column. A sample volume of25 ml was used and 1 ml of concentrated 
H2S04 and 5 ml cóncentrated HN03 was added. This mixture was heated on a hot plate under a 
hood. Samples were heated until the volume was substantially reduced. The remaining part was 
neutralized with sadium-hydroxide After this the sample was shaken with activated carbon and 
filtered to remove the color that was still present. A buffer consisting of ammonium molybdate 
and ammonium meta vanadate was added and the absarptien was taken in a spectrophotometer 
at a wavelength of 400 nm. The absarbance of the buffer alone and the sample alone were alsa 
taken against distilled water to see whether there was a large interference caused by any of the 
two. The buffer was used as a blank for the final sample absorption measurement. 
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A calibration curve was plotted, after the standards were carried through the fust digestion step. 
This calibration curve had a correlation coefficient of0.998 It seems that the readings for low 
phosphate concentration becomes less accurate. In the appendix the calibration curve for samples 
that have been digested is pictured. In the same picture the absorption is depicted of standard 
samples that have notbeen digested. From this graphit can be concluded that the procedure 
foliowed gives almast the same data for digested and undigested samples. 
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Tata! Nitrogen 

Total Nitrogen consistsof ammonia, organic nitrogen, nitrates and nitrites present in the 
wastewat er. All these different forms of nitrogen can be transformed to one another by the 
activity ofbacteria. Presence of ammonia was determined by a simple distillation, foliowed by a 
titration. The sample was put in an alkaline buffer with a pH exceeding 9.5 so that all ammonia 
was transformed to Nlh This was boiled out and received in a boric acid solution. After 
distillation the salution was titrated with 0.02 N sulfurie acid todetermine the concentration 
ammonia. The residue in the distillation flask was used for the determination of nitrates and 
nitrites. A spoonful ofDevarda's alloy was added and the residue was reheated. Devarda's alloy 
consists of Copper, Zinc and Aluminum and it reduces nitrates and nitrites to ammonia. There is 
no distinction between nitrites and nitrates, but the nitrite concentration is always expected to be 
much lower. More importantly, the main interest lies in the total nitrogen contents and not so 
much in the differènces between the different oxidation forms of nitrogen. 

Organic nitrogen has been determined without the preliminary distillation of ammonia. This is 
then referred to with the term Kjeldahl nitrogen. Instead of the recommended catalyst HgO, use 
was made of an altemative: copper -sulfate, CuS04. The reason for this was the fact that there 
was no HgO available in the laboratory. It was observed that after the digestion step, during the 
distillation, the color ofthe sample changed from yeliow to green to brown. 
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The determination of total nitrogen was based on the transfonnation of the various oxidation 
states of nitrogen to ammonia and the subsequent distillation and titration of the ammonia with a 
0.02 N concentrated acid. It is extremely difficult to store ammonia-free water and the test have 
been carried out with 'nonnal' distilled water. This gave a considerable error in the blanks, which 
turned out to consists of almost half of the found concentratien ammonia. The blank for the 
Kjeldahl determination is even higher than that ofthe ammonia blank. This was expected, 
however, because the ammonia present in the water was not fust hoiled offbefore the digestion 
and distillation. The Kjeldahl blank therefore also incorporates a portion ammonia. The 
remaining 'excess' of the blank has to be explained by impurities in the chemieals used. 
Concentratiens are still significantly higher in the tests, both for the Kjeldahl and the ammonia 
determinations. And after the subtraction caused by the blanks the data have been accepted. 

All the accepted determinations ofKjeldahl nitrogen were carried out with copper-sulfate, 
CuS04 used as catalyst. No comparison can be made about the slightly reduced efficiency ofthis 
catalyst compared to mercurie oxide HgO, but it is believed that the CuS04 also yielded 
accurate results. 

The blank of the determination for the nitrite and nitrate concentrations turned out to be so high 
that a reliable distinction between the blank and the samples was no longer considered valid. 
These data have been rejected, but still, it shows that the nitrate and nitrite concentrations in the 
wastewater arealso very low. 

Sulfale 

Sulfate is the fourth major component of seasalt. It would seem therefor not important to take 
this compound into consideration. However, sulfate can be reduced under anaerobic conditions 
to hydragen sulfide (H2S). Apart from a bad smell this is also toxic for bacteria used in some 
biological treatment processes. 

Sulfate contents are determined with the help of a turbidimetric method. Instead of a 
nephelemeter an ordinary spectrophotometer is used. Samples were shaken with activated 
carbon to remove the initial yellow co lor of the wastewater. After filtratien the sample had a very 
light white color. 

After filtratien an exact volume was measured and placed in a 250 rnl flask. Then 50 rnl buffer 
and a spoonful ofBaCh crystals were added. After one minute of constant stirring, the sample 
was rested for an additional five minutes to let the suspension fonn. After this the absorbance 
was measured against a blank that consisted of a portion of the filtered sample with the buffer 
added, but without the BaCh crystals. Measurements took place at a wavelength of 420 run. 

A calibration curve was constructed using a standard sodium-sulfate solution. From this 
calibration curve the concentratien sulfate present in the wastewater could be calculated. 
At the beginning of the experiments, the sulfate concentratien was expected to be very low. 
However after another visit to the lageons a distinct smell of rotting eggs was observed, which 
could indicates the presence ofhydrogen sulfide, H2S. This is a product ofthe anaerobic 
digestion of sulfate by bacteria. Sulfate is not used in the plant, apart for the chemical control 
laboratory, where it is used in the various forms of sulfurie acid. The concentratien found in the 
wastewater are very high. So high even that it is almost impossible to originate from solely from 
the chemical controllaboratory. Assuming that the concentrations found in the wastewater are 
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correct and that the average flow is 117 cu m/day this would mean that the chemical control 
Iaberatory has a turnover of about 3 liter concentrateel sulfurie acid per day. Since this is not the 
case, this leads to the condusion that the analyses were seriously distufbed by interferences. The 
given concentrations are therefor rejected. 

Oil &Grease 

Only grab samples were used to analyze the oil and grease contents. Samples were acidified with 
concentrateel sulfurie acid and frozen in HDPE-bottles with an approximate volume of290 mi. 
The manual recommends samples of 1 liter conserveel in glass jars. However, these were not 
available, but it was expected that the plastic botties would not interfere with the end result, 
which was expected to be very high anyway. Waste water was shaken with petroleum-ether in a 
separatory firnnel with a total volume of250 mi. The petroleum ether was filtered into a 
distillation flask and then distilled off. The end product was a black residue. The distillation flask 
was weighed before and after distillation. From the difference the concentratien oil & grease 
could be determined. 

The used petroleum-ether was tested for impurities by distilling a sample of pure petroleum
ether. No traces of contaminants were found and all of the petroleum-ether was distilled off. The 
oil & grease concentratien was found to be very high. This confirmed the initia! observations of 
large black spots floating on the water surface. Whether the found concentrations are reliable is 
however still questionable. When a sample was taken during a period oflow volume of 
wastewater a large percentage of the top surface will be automatically be sampled. This is the 
part where most oil will be present. In that case this portion is over represented and the found 
values will be higher than the actual concentrations. This could for instanee be the case on the 
sample taken on Wednesday the 4th ofJune. But the condusion remains that the oil-catchers are 
not werking for 1 000/o and still a lot of oil goes out into the lagoons. 
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APPENDIX B. OVERVIEW OF MEASUREMENTS DONE 

salinity eondue. COD BOD TS TDS TSS Sett. Sol. 
Date sample Time interval pH Temp (C) (ppt) (mS/em) (mg/L) (mg/L) (gram/L) (gram/L) (gram/L) (mi/L) 
May 10th - 7.3 42 4 3,566 1.48 
May 15th - 5.5 40 7 2,198 
May 17th hourly (3) 36 7 2,594 2.43 
May 18th - 6.8 38 7 1,613 
May 20th hourly (4) 48 7 2,160 
May 26th - 6.4 36 6 
May 27th hourly (4) 35 - 1,708 3.07 0.2 
June 2nd hourly (4) 35 6 1.8 1,368 1.72 0.1 
June 4th hourly (2) 38 5 1.354 3,261 2,183 1.37 * 0.8 
June 7th 8.9 48 5 1.863 1.88 * 
June 11th 30 min (4) 40 7 1.974 1.99 * 
Regeneratien W.S. 6.7 25 5.73 5.79 * 
Reeharging I.E. 8.5 28 19.4 5,816 19.6 * 

NH4 Kjeldahl Devarda Sulfate Oil Tot-P 
Date Sample time interval (mg N/L) (mg N/L) (mg N/L) (mg/L) (gram/L) (mg/L) 
May 10th -
May 15th - 3.65 
May 17th hourly (3) 34.10 4.53 
May 18th - 24.64 2.26 
May 20th hourly (4) 34.89 
May 26th -
May 27th hourly (4) 0.075 0.36 1.76 
June 2nd hourly (4) 0.066 0.069 0.025 3.50 

i 

June 4th hourly (2) 0.065 0.043 0.04 15.8 3.35 
I June 7th 

June 11th 30 min (4) 0.039 0.047 3.70 
Regeneratien W.S. 4.57 
Reeharging I.E. 0.642 

(*) values calculated from the conductivity measurements 
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APPENDIX C. INDUSTRIAL WASTE 

Water Chart URSUMCO: Raw Sugar P,...l_a_n_t -----------, 
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Evaporatlo 
L---:-=-::-:=---l Loss@3% 

r"• r •~ 176,76 

104.94 
____..J 

REF!NBRY 

1428 

Baro=tnc 
Condensers 

(refinery) 

Vapor14.96 

: FromRefinery 
3.09 

Un"cove"d 
4%:3.04;~--------------------------------•LAGOON 

A-7 



Appendix 

Water Chart URSUMCO: Refinery 

Condensales 
Uquor heatem 
VacuumPans 
Eva po ra tors 

·17.61 

-1428 

Barol'1113tric 
Condensers 

LAGOON 

Water Baluce 
(8000 TCD w/500 TPD refinery) 

Deep Weil Purlll 

7.69 

S.46----,--.l...-------,-------. 

ProcessHot 
WaterTank 

23.07 

0.82 0.41 1 

Olemical Salt 
Preparatien saturator 

Sundry usem 

r-----~-----~--~2~ 
11.2 

Mei! &.scum 
desweelening 

.... 
~ 

r 
Melting 

WaterTank 
14.76 

~ 
Melt cl Affination 
Cents. wash water 
(back to process) 

5.42 

[ ion exchange 

, .S6 

1.86 

4.36 

Processing 
water 

3.09 

~ 
Ta hotwater 
pond ·Raw 
Sugarplant 
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Production URSUMCO and CAB 

Table Al: Production data CAB 
93-94 94-95 95-96 96-97 

Raw sugar (tons) 61,279 59,992 60,272 68,205 
Refined sugar (tons) 9,985 10,651 17,111 
Campaign time (weeks) 26 21 26 23 

Table A2: Production data URSUMCO 
94-95 95-96 96-97 

Raw sugar (tons) 52,977 70,739 70,448 
Refined sugar ( tons) 7,071 
CamE_aign time ( weeks) 23 33 20 

Removal Efficiency of Waste Stabilization Ponds 

The efficiency ofthe waste stabilization ponds has been calculated with help ofthe measurements of 
Uhike Lipkow at CAB and the measurements done at URSUMCO. The effects ofrainfall have 
been neglected in this calculation. Flow was assumed constant and then the average concentrations 
in and out give the remaval efficiency ofthe ponds. For CAB it was only possible to calculate the 
efficiency ofthe TSS. For URSUMCO it was only possible to calculate the BOD5 removal. Below 
the data are given. 

Table A3: Total susperuled solids removalfor CAB 
10/17/94 12/2/94 12119/94 12/26/94 average 

Pond 1 (mgll) 
Pond 9 (mgll) 
Efficien~ 

400 285 652 880 554.25 
342 129 110 258 209.75 

Source: Lipkow, !995 

Table A4: BOD5 removalfor URSUMCO 
Date 4/3/97 4/1 0/97 average 

influent (Al (mgll) 2300 
pond 4 <B>(mgll) 207 210 209 

91% 
So!Jr-re: A) DENR 

62% 
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APPENDIX D. DO MESTIC W ASTES 

Population Distribution Among Barangays 

Table A5: Projeeled P!!l!!!./ation o[_ Bais CilJ! .. E!!..r barangay 
Name 1995 1996 1997 

-·- -----·------ -- ·-· - --- ------------ --------------------

Barangay I 4,957 5,046 5,137 
Barangay 11 8,001 8,145 8,292 
Basak 1,460 1,486 1,513 
Bifiohon 1,054 1,073 1,092 
Cabanlutan 1,498 1,525 1,552 
Calasga-an 2,605 2,652 2,700 
Cambagahan 4,680 4,764 4,850 
Cambaguio 1,308 1,332 1,356 
Cambanjao 1,232 1,254 1,277 
Cambuilao 1,265 1,288 1,311 
Canlargo 1,583 1,611 1,641 
Capifiahan 1,318 1,342 1,366 
Consolacion 261 266 270 
Dansulan 1,044 1,063 1,082 
Hangyad 193 196 200 
LaPaz 308 314 319 
Lonoy 1,976 2,012 2,048 
Lo-oc 1,746 1,777 1,809 
Mabunao 1,084 1,104 1,123 
Manlipac 2,019 2,055 2,092 
Mansangaban 1,203 1,225 1,247 
Okiot 2,903 2,955 3,008 
Olympia 789 803 818 
Panala-an 3,904 3,974 4,046 
Panam-angan 871 887 903 
Rosario 209 213 217 
Sab-Ahan 6,705 6,826 6,949 
San Isidro 308 314 319 
Kataegaban 545 555 565 
Tagpo 1,872 1,906 1,940 
Talungon 1,202 1,224 1,246 
Tamisu 2,430 2,474 2,518 
Tamogong 440 448 456 
Tangculogan 987 1,005 1,023 
Valencia 996 1,014 1,032 
Total 64,956 66,125 67,315 
Sourre. CPOO, 1995 growth rate- 1.8 o/o; base year 1990 ansus 
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Sanitation Systems 

Table A6: Sanitation systemfor the urban barang_ays 
Households Se2tic tank Pit latrine None 

Barangayl 896 839 12 45 
Barangay 11 1,444 1,279 32 133 
Looc 315 213 72 30 
Okiot 523 364 131 28 
Olympia 142 82 43 17 
Capinahan 236 156 59 21 

3,556 2,933 349 274 
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APPENDIX E. AQUACULTURE 

Overview of flshponds and flshpond owners located within the city limits of Bais City 

1. Mica aquaculture ( congressman Romera) (*) 
2. Sycip plantation inc.(*) 
3. Central Visayas Polytechnic College (CVPC) demonstratien farm 
4. Villaflores Fishfarm 
5. Pauline Saycon 
6. Rosales Fishfarm 
7. Ranol Fishfarm 
8. Elena Mingo (*) 
9. DPLI (*) 
I 0. Neptune (*) 
11. Arman Hermanoi 
12. Jessie Villanueva 
13. Milagor Arieta 
I4. William Fleischer 
IS. V erna Villanueva 
I6. Praxeter Villanueva 
I7. Oscar Villanueva 
I8. SamuelVillanueva 
I9. Marina Diago 
20. George Vicuiia 
21. Benedito Tiramondo 
22. Concordia Ruig 
23. Patenciana Cancit 
24. Que Fishpond ;a. 

25. Luis Cantara (*) 
26. Aquaworld corp. (*) 
27. Montenegro Fishfarm (*) 
28. Josepa Paiiano 
29. Pael Fishfarm 
30. CAB Fishfarm 
31. Renan Irapa 
32. Jose Garcia 
33. Magno Vernon 

(*) Additional feeding 
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The next text has been copied from Pillay (1992). It is the protocol in use by the American Fisheries 
Society, by (Kohier & Stanley, 1984). lts a detailed review and decision model for evaluating 
proposed introductions of aquatic organisms. 

American Fisherles Society Protocol on Introductions 

1. Rationale. Reasons for seeking an import should be clearly stated and demonstrated. It should be 
clearly noted which qualities are sought that would make the import more desirabie than native 
forms. 

2. Search. Within the qualifications set forth under Rationale, a search of possible contenders 
should be made, with a list prepared of those that appear most likely to succeed, and the 
favourable and unfavourable aspects of each species noted. 

3. Preliminary assessment of the impact. This should go beyond the area of Rationale to consider 
the impact on target aquatic ecosystems, including the effects on game and food fishes and 
waterfow~ on aquatic ecosystems and on public health. The published information on the species 
should be reviewed. A preliminary study of the species in its biotope should be made 

4. Publicity and review. the subject should be open for review and expert advice should be sought. 
At this point the thoroughness is required. No import is so urgent that it should not be subject to 
carefid evaluation 

5. Experimental Research If a prospective import passes the fust 4 steps, a research programme 
should be initiated by an appropriate agency or organisation to test the import in confined 
waters, e.g. experimental ponds etc. This agency or organisation should not have the authority to 
approve its own results or to effect the release of stocks, but should submit its report and 
recommendations for evaluation. 

6. Evaluation and recommendation Again publicity is in order. Complete reports should be 
circulated among interested scientists and presented in the Transactions ofthe American 
Fisheries Society. 

7. Jntroduction. With favorable evaluation, the release should be effected and monitored; the results 
should be published and circulated. 
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General information 

Name ofFishpond 

Address 

Phone: 

Person interviewed 

and his position: 

QUESTIONNAIRE FOR VISIT OF FISHPONDS 

Date ofvisit 

Fishpond owners name. _________________ _ 

Number of employees:------------------

Total area ofFishponds 

Pond no. Area (ha) Pond no. Area (ha) Pond Area (ha.) 

1 

2 

3 

4 

5 

Production information 
Year 1994 

Species 

A-14 

6 

7 

8 

9 

10 

Weight 

(kg I harvest) 

no. 

11 

12 

13 

14 

15 

TOTALAREA: 

Stocking density Harvests /year Production 

(ftsh /m) value (P /year) 
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Year 1995 

Species Weight Stocking density Harvests lyear Production 

(kg I harvest) (fish lm) value (P lyear) 

Year 1996 
Species Weight Stocking density Harvests lyear Production 

(kg I harvest) (frsh lm) value (P lyear) 

Operation 

How are Seeds obtained ? (wild catch or spawning and larval rearing) ? _______ _ 

What is done with the residues on the pond bottom.? --------------

Average chemical characteristics of ponds during the day: 

Parameter pond I pond2 pond3 pond4 Pond5 

pH 

Suspendeel Solids (mg/L) 

Phosphate, P (mg/L) 

Total N (mgN/L) 

Conductivity (mS/cm) 

Salinity (ppt) 
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Feeds used· . 
Fish species & Phosphate Nitrogen Feed Conversion Feeding Metbod 

Description of feed (kgP/kg) (kgN/kg) Ratio 

Fish species: 

Feeds 

Fish species 

Feeds 

Fish species 

Feeds 

Fish species 

Feeds 

Organic Fertilizer used: kglyear 

Antibiotics I pesticides I parasiticides I mollusicides I fungicicles used 

Description Amounts used per year 
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APPENDIX F. AGRICUL TURE 

Table 7: Calculation of average ~rtilizers applied 

F~!:ti!!z_e~~----no _ofbag~----- ______ tot~ el~~nts ~ppl!_~------- ____ _ 
N-P-K N P K 
45-00-00 70,000 1,575,000.00 
21-00-00 31,241 328,025.25 
18-46-00 49,600 446,400.00 
16-20-00 28,992 231,939.20 
14-14-14 16,400 114,800.00 
00-00-60 94,992 

Total: 
per ha 
leachedlha 

Source: Sug;u- Reguiatory AdminilUatioo. 
Tctal Area: 23,748 ha 
1 Bagis50kg 
Leadlingfactor: N 0.30; P 0.13 

2,696,164.45 
113.53 

34 

1,140,800.00 
289,924.00 
114,800.00 

1,545,524.00 
65.08 

8.46 

Table AB: Volumeflow in thefour rivers (in m3/min.) 

114,800.00 
2,849,772.00 
2,964,572.00 

124.83 

Month Panamangan Tamogong Panambalon Alangilanan 
December 34.32 32.17 30.52 24.15 
January 33.2 33.07 29.68 22.84 
February 30.24 31.7 34.94 14.05 
March 22.4 29.94 28.56 10.88 
April 26.88 31.57 26.88 10.15 
May 25.6 31.32 23.3 9.52 
June 25.6 46.98 59.14 25.38 
July 25.2 37.46 58.8 16.32 
August 22.4 26.94 25.2 8.16 
September 23.04 28.81 35.28 14.5 
October 30.89 26.81 42.73 15.09 

average 27.25 32.43 35.91 15.55 
Source: Sa-a & Bu!tillo, 1997 

Tab ie A~ :Sedimentation Rates-2 4h for each of the jour river~ (ing/1) 
Month Panamangan Tamogong Panambalon Alangilanan 

December 5.36 6.67 7.65 
January 7.76 2.04 6.15 
February 2.54 1.1 3.5 
March 11.45 9.98 2.1 3.49 
April 9.4 2.81 0.4 0.8 
May 1.41 4.2 0.8 
June 0.73 0.6 1.4 
July 1.7 0.7 0.7 0.6 
AuguSt 1.7 1.7 
September 1.7 
October 1.8 

average 6.2 2.8 1.8 3.4 
Source: Sa-a & Bu!tillo, 1997 

Appendix 
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QUESTIONNAIRE FOR VISIT OF HACIENDAS 

General information 

Name ofHacienda 

Address 

Phone: 

Person interviewed and his position: 

Hacienda owners name: 

Date of visit 

Number of employees during off milling 

Number of employees duri'lg milling: 

Methods of Operation 

Clearing (by hand or machine) 

Sub soiling (by hand or machine) 

Land preparation (tractors or animals) ________________ _ 

Planting (by hand or machine) 

Harvesting (by hand or machine) 

Hauling (trucks or trains) 

Trash Disposal 
(Trash clearing I Trash mulching/ Stubble shaving) 

Production information 

1993 1994 1995 1996 1997 

W eight of cane produced ( tons) 

Total sugar production (LKG) 

Production value (P) 

percentage paid to sugar mill: __ % 
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c raps: 
Crops Area (ha) 

1. Sugarcane 

2. 

3. 

4. 

TOTALAREA 

Geographic location 

SI l ifi . ope c ass canon: 
Description Slope (%) Area (ha) 

1. Sugarcane 2. 3. 

Level to very gently sloping 0-3 

Gently sloping to undulating >3 -8 

Moderately sloping to rolling >8- 18 

Rolling to hills >18 -30 

Steep hills & mountains >30- 50 

Very steep hills & mountains +50 

s il o type 
Area (ha) 

Description 1. Sugarcane 2. 3. 

Isabela Clay 

La Castellana Clay 

Mandaue Clay 

Faraon Clay 

Catbalogan Clay 

Guimbalaon 
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SUGARCANE 

Varieties planted {1997) 

Description Area (ha) 

F ertilizers used 
Description Amounts used (kgf ha. year) Application metbod + depth 
(N- P20s- K)/100 kg 

Filter cake: Area applied (ha) Weight (tons) 

P . "d /H rb" "d /F . "d ed est1c1 es e ICI es UllgiCl es US 

Description Amounts (kg /ha year) Application metbod 

Irri . &Dr" 1ganon a.J.l!age 
Area covered (ha) Volume (m3 I day) 

None (rain) ------------------------

Gravity 

Sprinkler 

Drainage 
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Other Crops. __________ _ 

F ertilizers used 
Description Amounts used (kg/ ha. year) Application metbod + depth 
(N- P20s- K) /100 ~ 

Filter cake: Area applied (ha) Weight (tons) 

P sti "d /H rb" "d /F . "d ed e ct es e tct es UllgiCl es US 

Description Amounts (kg !ha year) Application metbod 

Irri f &D . tga ton ramage 
Area covered (ha) Volume (m3

/ day) 

None (raio) ------------------------

Gravity 

Sprinkler 

Drainage 
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APPENDIX G. EFFLUENT REGULATIONS 

Class SD & Coastal Waters not Classified (Classification ofBais Bay) 
Parameter OEI NPI 

pH 5.0-9.0 
BOD (5 day 20 °C) 150 
COD(mg/L) 300 
Total Suspended Solids (mg/L) (a) 
Total Dissolved Solids (mg/L) 
Oil & Grease (mg/L) 15 

OEI= Old and Existing Industry (URSUMCO) 
NPI = New Proposed Industry 

(a) Notmore than 30 mg/L increase 
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APPENDIX H. ABBREVIA TI ONS AND SYMBOLS USED 

Ar surface area of pond (at mid depth) 

BODs Biological Oxygen Demand (5 day, 20°C) 

oe degrees Celsius 

CAB Central Azucarera de Bais 

COD Chemical Oxygen Demand 

CPDO City Planning and Development Office (Bais City) 

CVPC Central Visayas Polytechnic College 

d pond depth 

DENR Department for Energy and Natural Resources 

DO Dissolved Oxygen 

e evaporation rate 

FCR Feed Conversion Ratio 

g grams 

ha. hectare (104 m2
) 

k fust order kinetic constant 

k20 fust order kinetic constant at 20 °C 

kT fust order kinetic constant at temperature T 

kg kilograms 

L.: BOD5 concentratien of eflluent 

Lï BOD5 concentratien of influent 

~ volumetrie loading of pond 

/.., surface loading of pond 

m meter 

M mass 

MT metric tons 

N nitrogen 

OD Oxygen Demand 
p phosphorus 

Pw Power 

Px mass of organisms wasted 

Q volumeflow 
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RA 

Pw 
t 

T 

TDS 

tn. 

TN 

TP 

TS 

TSS 

URSUMCO 

V 

WHO 

WSP 

y 

yr. 
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Rapid Assessment 

density of water 

retentien time 

Temperature 

Total Dissolved Solids 

tons (1000 kg) 

Total Nitrogen 

Total Phosphorus 

Total Solids 

Total Suspended Solids 

Universa! Robina Sugar Milling Corporatien 

volume 

W orld Health Organization 

Waste Stabilization Pond 

growth yield constant 

year 
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