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Abstract
Municipal solid wastes (MSW) are a major environmental problem in the Philippines,
resulting in environmental pollution and public health problems. This study examined daily
per capita MSW disposal rates in Surigao City from 2015 to mid-2018 in lieu of MSW
generation rates. Results show disposal rates (range = 0.30-0.42 kg/day per capita) higher
than the baseline generation rate of 0.3 kg/day per capita. Using symbolic regression,
a model equation was obtained and used in forecasting trends until 2022. Although
future trends are decreasing, upward fluctuations could pull waste disposal rates up. If
left unchecked, socio-economic factors such as economic growth and tourism could bring
Surigao to a path of unsustainability. Maintaining or reducing per capita waste generation
rates is a challenge for Surigaonons while moving towards sustainability. In the absence
of updated waste generation rates, per capita waste disposal rates may be a good indicator
of sustainability in solid waste management. Interventions upstream in the waste process
are imperative to address rising per capita environmental impacts.
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Introduction

Municipal solid wastes (MSW) are a
major
environmental
problem
faced
by developing cities around the world.
These result in air and water pollution,
groundwater contamination, and public
health issues (Zohoori & Ghani, 2017).
Illegal waste disposal in water bodies and
vacant lots is also common in developing
countries (Guerrero et al., 2013).
The
Philippines is not exempt, where solid wastes
continue to be a key source of pollutants
(Naz, 2012/2013).
Toxic chemicals like
lead, cadmium, and mercury have been
observed in soils, air, and plants near
landfills in the country (Galarpe, 2017),
threatening the country’s abundant natural
resources. Likewise, Surigao City, a 3rd
class component city in Mindanao island,
Philippines, faces the challenge of minimizing
impacts from wastes. Although the city has
a sanitary landfill, waste collection is still
*correspondence: buenaflor@gmail.com

“mixed” and unsegregated (Surigao City
Planning and Development Office [CPDO],
2016).
Traditionally, solid waste management
(SWM) focused on disposal (i.e., what
to do with waste after it has been
generated). Recent efforts, however, view
waste as a resource and try to address
the problem upstream (United Nations
Environment Programme and International
Solid Waste Association, 2015).
The
waste management hierarchy (United States
Environmental Protection Agency [US EPA],
2015), prioritizes waste prevention through
source reduction; treatment and disposal are
the last options (Fig. 1).
With the Sustainable Development Goals
(SDGs), cities are mandated to reduce
adverse per capita environmental impacts to
become sustainable cities and communities
by 2030 (United Cities and Local
Governments, 2018). Surigao City’s baseline
per capita MSW generation is at 0.3 kgs/day
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rates can then be used in understanding
how individuals impact the environment in
terms of solid wastes. These can provide
opportunities for prevention and source
reduction upstream in the waste process
(Fig. 2).
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Monthly data on MSW disposal from 2015
to 2017 were obtained from the Surigao
City Environment and Natural Resources
Office (ENRO). These were divided by the
population of the areas catered by the waste
collection service (Surigao CPDO, 2016) and
the number of days in each month. Symbolic
regression was done on the resulting daily
per capita waste disposal rates using Eureqa
software (Nutonian Inc., version 1.24.0). A
prediction equation with the lowest mean
absolute error was used in projecting values
for 2018 (Fig. 3).

Figure 1. US EPA’s Waste Management Hierarchy
(www.epa.gov)

(Surigao CPDO, 2016). This is below the
national average of 0.43 kgs/capita/day
(Department of Environment and Natural
Resources [DENR]-Asian Development Bank
[ADB], 2003). Waste generation rates are
normally obtained by conducting a waste
generation survey for at least seven days
from different sources served by the waste
collection service (National Solid Waste
Management Commission [NSWMC] /
Japan International Cooperation Agency
[JICA], 2010). In contrast, daily MSW
disposal data from the sanitary landfill
(SLF) are readily available. From these,
waste generation rates may be derived
given the population served by the city
waste collection (United Nations Human
Settlements Programme [UN-HABITAT],
2010). In this study, disposal rates are
proposed as indicators in monitoring
sustainability in lieu of waste generation
rates.

1.1

Methods
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Results and Discussion

Average MSW disposal rates for 2015 to
mid-2018 ranged from 0.30 - 0.42 kgs/day per
capita (Table 1). These are up to 40% higher
than the 2015 baseline waste generation rate
of 0.3 kg/day per capita (Surigao CPDO,
2016).
After applying symbolic regression on
actual per capita disposal rates, a prediction
equation was selected (mean absolute error
= 0.0068322672):
Per capita disposal rate = a - d*t +
b*tanh(t - c) - e*erfc(t) - f*sin(g + h*t gauss(t - i)) (1)
Where: t = time
Regression coefficients:

Conceptual Framework

This study is anchored on the premise
that higher MSW generation rates are
unsustainable (United Cities and Local
Governments,
2018;
United Nations
World Commission on Environment and
Development, 1987).
Disposal is the last stage in solid waste
management. Hence, MSW disposal rates
reflect the actual amounts of solid wastes
buried in the landfill. Per capita disposal

a = 0.416638698827739
b = 0.0351526633413731
c = 24.4637813892372
d = 0.00158853214334334
e = 5.51588714200147e20
f = 0.0158156134489264
g = 5.94696313850467
h = 0.919427833433245
i = 17.3483607214309
2
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Figure 2. Conceptual paradigm of this study within the context of sustainability (based on the US EPA’s
Waste Management Hierarchy). Dashed boxes indicate solid wastes that may be diverted from the sanitary
landfill.

Table 1. Per capita MSW disposal rates based on population data and monthly weights of MSW disposed
at the Surigao City SLF from January 2015 to June 2018.

2015
2016
2017
2018
Population: 88,635 Population:90,284a Population:91,963a Population:93,673a
Month
MSW
Disposal MSW
Disposal MSW
Disposal MSW
Disposal
ratec
ratec
ratec
ratec
in SLFb
in SLFb
in SLFb
in SLFb
Jan
961,253.23 0.35 1,084,614.06 0.39 1,117,617.08 0.41 1,047,820.49 0.36
Feb
854,233.70 0.34
876,342.52 0.33 1,054,174.37 0.42
806,539.52 0.31
Mar
903,898.45 0.33
870,254.59 0.31 1,113,451.65 0.41
846,719.90 0.29
Apr
836,290.31 0.31
844,621.17 0.31 1,090,381.58 0.41
850,318.20 0.30
May
942,028.16 0.34
896,208.42 0.32 1,069,874.84 0.39
883,756.99 0.30
Jun
899,412.60 0.34
936,260.64 0.35 1,039,435.16 0.39
800,963.29 0.29
Jul
969,584.09 0.35
973,108.68 0.35 1,097,751.18 0.40
Aug
974,069.94 0.35
966,700.33 0.35 1,140,046.33 0.41
Sep
973,749.52 0.37
950,359.02 0.35 1,100,634.94 0.41
Oct 1,025,336.77 0.37
931,774.79 0.33 1,136,842.15 0.41
Nov
936,581.06 0.35
895,888.01 0.33
990,411.24 0.37
Dec 1,069,874.84 0.39
981,759.96 0.35 1,153,183.45 0.42
a
b
c
Projected (Surigao CPDO, 2016) Volume of MSW dumped in SLF (in kgs) in kgs/day/capita

The above equation shows the trend and
fluctuations in per capita waste disposal
rates. Using Eq. 1, MSW disposal rates until
2022 were projected. Generally, the trend is
decreasing (-d*t) but this is offset by upward
fluctuations (Fig. 4).
The downward trend could partly be
due to a local recycling program. In 2015,
Surigao City government implemented
“Oplan Kuha Papel/Cellophane Program”
to recycle plastics and wastepaper.
A
total of 7,300 kgs. of wastes was diverted
from the landfill in 2016 (Surigao CPDO,
2016). In 2017, 12,000 kgs. of wastes
were recycled. If sustained, this program
could divert a substantial amount of
wastes from the landfill, reducing the

Figure 3. Overall methods
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Figure 4. Daily waste disposal rates per capita for 2015 to 2017 with projected data for 2018.
city’s per capita environmental impacts
in terms of solid wastes. Waste disposal
may be further reduced through source
reduction/waste
prevention
(pre-waste
generation), composting, reuse, or recycling
at the waste generators’ level (e.g.,
households).
This could greatly lower
waste quantities for collection, treatment,
and disposal.

local tourists flocked the city, 12% up from
2015 (Surigao CPDO, 2016).
Tourism
can greatly affect waste disposal trends in
the city, aside from the afore-mentioned
socio-economic factors.

The results reflect higher per capita
waste disposal rates in mainland Surigao
City compared to baseline figures in waste
generation.
This may be reflective of
growing incomes in the waste collection
areas since waste generation per capita
and national income are strongly correlated.
Waste generation rates are also influenced by
lifestyle, urbanization, and income (United
Nations Environment Programme [UNEP]
and International Solid Waste Association
[ISWA], 2015), population, economic growth,
and living standards (Khajuria, Yamamoto,
Morioka, 2008).

Unlike developed countries which have
almost 100% MSW collection rates, MSW
collection in developing countries such as
the Philippines is inadequate.
MSW
generation, collection and disposal rates
often vary significantly (Shimura, Yokota,
and Nitta, 2001).
Although developing
countries generate less solid wastes per
capita, collection, recycling, and disposal are
often insufficient due to financial constraints
(Khajuria, et al., 2008). Of the 33 barangays
in mainland Surigao City, only the five (5)
urban barangays are presently included in
the daily waste collection routes. Rural
areas are scheduled monthly or as requested
only. It is possible that additional areas
were catered by the waste collection service
in 2017.
This could have resulted in
higher amounts of MSW disposed of in the
SLF. A common problem in Asian countries
is the lack of reliable and updated data
on MSW composition (Idris, Inanc, and
Hassan, 2004). In the absence of updated
waste generation rates, per capita waste
disposal rates may be a good indicator of
sustainability in solid waste management.

Influx of tourists and migrants and the
resulting new jobs are among the factors
that could increase waste generation rates.
According to the World Bank (2012),
tourism is a big factor in raising per capita
rates in islands. Tourist waste generation
rates in some Small Island Developing States
(SIDS) even double that of Caribbean locals
(UNEP/ISWA, 2015).
As the “City of
Island Adventures” and the “Gateway to
Mindanao”, Surigao is home to transients.
In 2016 alone, almost 300,000 foreign and
4
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Conclusion

Idris, A., Inanc, B. (2004). Overview of
waste disposal and landfills/dumps
in
Asian
countries.
Journal
of
Material
Cycles
and
Waste
Management,
6(2),
104–110.
https://doi.org/10.1007/s10163-004-0117
-y
Khajuria, A., Yamamoto, Y., Morioka,
T. (2008).
Solid waste management
in Asian countries:
problems and
issues.
Waste Management and
the Environment IV, 109, 643-653.
doi:doi:10.2495/WM080661
National
Solid
Waste
Management
Commission
Secretariat.
(n.d.).
National Solid Waste
Management Strategy 2012 – 2016.
Retrieved October 8, 2018, from
http://nswmc.emb.gov.ph/?pagei d = 50
National
Solid
Waste
Management
Commission and Japan International
Cooperation
Agency.
(2010).
Guidebook
for
Formulation
of
Solid
Waste
Management
Plan
(1st
ed.).
Retrieved
from
https://nswmc.emb.gov.ph/wp-content/
uploads/2017/09/FSWMP-Proof-Layout.
pdf
Naz, A. C. (2012/2013). The State of the
Philippine Environment: An Update
on Chapter 4 of the 1994 Philippine
Human Development Report. Human
Development Network. Retrieved from
https://docplayer.net/58112291-The-stat
e-of-the-philippine-environment-an-upda
te-on-chapter-4-of-the-1994-philippine-hu
man-development-report-antonia-corinth
ianaz.html
Nutonian Inc.
(n.d.).
Eureqa 1.24.0
[Computer software]. Retrieved from
https://www.nutonian.com/products/eu
reqa/
Shimura, S., Yokota, I.,
Nitta, Y.
(2001).
Research for MSW flow
analysis
in
developing
nations.
Journal of Material Cycles and
Waste Management,
3(1),
48–59.
https://doi.org/10.1007/s10163-000-0038
-3
Surigao City Environment and Natural
Resources Office.
Annual data on

With a growing economy comes an expected
increase in per capita waste generation.
If unrestrained tourism activities continue,
Surigao City may be following the path
of higher-income areas with higher per
capita waste disposal rates. Maintaining or
reducing per capita waste generation rates
is a challenge for Surigaonons while moving
towards sustainability.
Given the limited data on MSW disposal,
it would be pro-active in favor of the
environment if we assume that the above
trends are indeed rising due to the upward
pull of transient factors.
In order to
achieve a sustainable Surigao, interventions
upstream in the waste process are imperative
to address rising per capita environmental
impacts of locals and visitors alike. Examples
include city-wide plastics ban, promoting
the use of ecobags in supermarkets, strict
implementation of anti-littering laws and
segregation-at-source,
and empowering
citizens to make environment-conscious
decisions in their purchases.
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