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ABSTRACT

In the rapidly industrializing world of the 21st century, the many negative environmental impacts
of modern-day human practices are becoming substantially more evident. One such problem not
brought into considerable focus is chemical pollution in the oceans. As Taiwan is an island that
relies heavily on the surrounding ocean for many economic practices, the harms and preventive
measures of ocean chemical pollution must be discussed forthwith. This paper aims to conduct
an analysis on the current scientific literature published on the topic of ocean chemical pollution
and its various impacts specifically on Taiwan’s oceans but also aims to conduct a study on
Taiwanese university students to investigate the role the current education system plays in
establishing the basic understanding of the risks of ocean chemical pollution. This study
was organized by surveying 62 university students from the Tainan National University of the
Arts and the National Taipei University of Technology. Results showed that 59.7% of students
reported they had never learned about ocean chemical pollution in school before, 17.7% of
students reported they were not sure, and only 22.6% of students reported that they did learn
about ocean chemical pollution in school. This statistically correlates to how only 25.8% of
students answered chemical pollution as the most serious problem Taiwan’s oceans are facing.
A fundamental understanding of ocean chemical pollution in the upcoming generation of young
workers, who ultimately will take part in future governmental decision-making, is necessary in
that it leads to:

1) an overall increased public support when the government or other private organizations

take charge to implement solutions
2) an ability to develop lifestyles that reduce the risk of man-made ocean chemical pollution
3) a willingness to contribute to preventive measures.

Keywords: education system, ocean chemical pollution, ocean literacy, Taiwan, university
students
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Introduction

Taiwan is an island where the surrounding oceans have significant economic,
political, and cultural value. The oceans play a large biological role in that it
helps sustain marine biodiversity, acts as a carbon sink, produces about 50~80%
of the oxygen in the Earth’s atmosphere, maintains ecosystem resilience, engages
in matter and energy cycles such as water, nutrients, and waste cycling, and
partakes in climate regulation (National Oceanic and Atmospheric Administration
[NOAA], 2022). This paper plans to focus on the negative impacts of marine
pollution specifically in Taiwan to better understand the immediate effects
ocean chemical pollution can have on the local marine ecosystems and what the
response from the public would be. Analyzing the problem on a small-scale first
would be beneficial in that it provides a more specific area of study with less
overall confounding variables to throw off the end results. This is why this paper
will be specifically focusing on Taiwan’s oceans to analyze the problem on a local
level before applying the knowledge and methodology to an international scale.

Ocean chemical pollution is the dumpage of harmful contaminants into the
oceans, commonly originating from man-made sources such as pesticides, herbi-
cides, fertilizers, detergents, oils, industrial chemicals and waste, metals, and
sewage (Howard, 2019). Even though ocean chemical pollution poses a great
danger to the marine environment, it has long been ignored compared to the
other types of pollution in the oceans. Media outlets and current recovery projects
only aim to lessen the harms of plastic pollution rather than trying to combat
lesser-known problems such as ocean chemical pollution. ENGOs and govern-
mental agencies such as Taiwan’s Environmental Protection Administration
(EPA) have collaborated to work towards the shared goal of plastic-free oceans
by issuing a 15-year ban on plastic and enacting a 10-year Action Plan which
would notably advance the limitation and clean-up of plastic waste from the
environment (Walther et al., 2021). While these efforts are good indications of
sustainable decision-making, this does not change the dire fact that chemical
waste in the oceans is still going largely unnoticed and will continue to harm the
marine ecosystem’s health, human health, and economic strength if overlooked.

Little do people know that plastic pollution is in fact largely linked with
chemical pollution, being that plastic pollution plays a key role in the planetary
boundary corresponding to chemical pollutants and waste via the discarding of
microplastics and other industrial chemicals made during plastic production such
as cadmium, phthalates, and lead (Villarrubia-Gomez et al., 2018). Countering
both problems concurrently would be beneficial in that effectively resolving two
interrelated problems will minimize the chances of one reactivating the other,
therefore efforts to combat both must be taken rather than only focusing on
plastic pollution. This paper sees that chemical pollution is the most serious
problem Taiwan’s oceans are facing as of now predominantly because it is being
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widely ignored on both the public and governmental level even though it poses
the same level of threat as issues such as plastic pollution. In this regard, the seri-
ousness of a problem should be defined with respect to the number of preventive
measures taken to combat the problem in the status quo, not only the degree of
harm the problem poses.

Problems that do not receive much public attention or governmental involve-
ment tend to root from the lack of prior knowledge or education regarding
the basic causes and possible preventive measures concerning the problem.
Comparing this study to prior ones conducted by others revealed the proposed
need for the increased integration of marine pollution education into school
curriculums and expanded public support and inclination to partake in pollution
recovery efforts. This paper shows that public support is something people will
be willing to give if they are educated about the many harms and potential life
risks of the various types of marine pollution from a young age. This tendency
to be willing to support recovery efforts will be based on the innate human
need to satisfy their protection and well-being by enhancing the health of their
environment after having learned about the risks. A similar study done by Liu
et al. (2019) examined the educational role of marine pollution prevention by
surveying ninth-grade students from a harbor city in southern Taiwan and having
them complete a drawing activity and answer several survey questions. After
analyzing the students’ responses, it appeared that most of the students’ mental
models of marine pollution were disconnected and lacked the human compo-
nent of the problem (Liu et al., 2019). Another study done in Taiwan by Tsai
& Chang (2018) developed a Chinese scale for measuring high school students’
ocean literacy to allow students to reflect upon the reality of marine pollution
issues. The personal understanding and mental models people have of problems
affect how they perceive the reality of the issue and how willing they are to make
efforts to prevent or lessen the harm.

The majority of prior studies discuss the many environmental threats of ocean
chemical pollution however don’t discuss the importance of the education curric-
ulum in teaching the growing populace about those threats and cease to analyze
the problem from its root cause. Even if a few studies do mention the educational
aspect of the problem, data has only been gathered from high school students
or younger while this paper conducts a study on university students who have
already been through the entire school curriculum and have had the chance to
be exposed to the reality of ocean chemical pollution and other types of marine
pollution via the internet or other external sources. Therefore, gathering data
from university students presents a clearer overall picture of the educational
environment current students are exposed to, both inside and outside school, and
how well it prepares them to better understand local ocean chemical pollution
and other marine pollution issues.
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Literature Analysis

Ocean chemical pollution harms the marine environment via various different
sources and routes. This paper aims to categorize the distinct types of ocean
chemical pollution sources and analyze each type separately to better compre-
hend the whole picture. This paper will prove the dire situation of ocean chemical
pollution in Taiwan by analyzing different works and information concerning the
situation. For the benefit of establishing a clear analysis, this paper has catego-
rized ocean chemical pollution sources into 4 different components: agricultural,
industrial, urban, and maritime transport.

Agricultural Component

The agricultural component of ocean chemical pollution sources includes
chemicals commonly found in pesticides, herbicides, fertilizers, fungicides, soil
fumigants, harvest aids, etc. Taiwan is a large user of chemical pesticides and
other such agricultural chemicals, where the total consumption of agricultural
pesticides in Taiwan from the year 2019 to 2020 amounted to about 4.5 billion
NTD (Wong, 2021). Chemically consisting of nitrates, abamectin, hydramethylnon,
cyfluthrin, bifenthrin, and other such harmful toxins (Srivastava et al., 2014),
these chemicals often end up in the ocean as a result of agricultural runoffs and
soil leaching. Agricultural runoffs are commonplace if nearby agricultural lands
are exposed to intensive irrigation practices and heavy tropical rains, but an
extensive reliance on toxic farm chemicals pollutes the water which end up in
nearby bodies of water via the runoff. Once these toxins end up in the marine
ecosystem, they simply remain trapped in the bionetwork due to bioaccumulation
and biomagnification, where the toxic chemicals either gradually accumulate in
organisms’ fat tissue content or magnify in concentration as one moves up the
food chain in the ecosystem. This in turn inhibits certain biological functions of
these organisms and threatens the biodiversity of the environment, lessening the
overall resilience and resistance an ecosystem has towards external dangers.

The introduction of abamectin into marine environments have resulted in
abnormal growth and gill alterations in fish where the epithelial cells of the
gill filaments and the secondary lamellae membrane of the gills merge, causing
the appearance of aneurysm or bulges in blood vessels which have a high risk
of rupturing (Novelli et al., 2016). If the blood vessel is ruptured in the wrong
part of the body such as the brain or the heart, there is a risk of death for the
organism. Hydramethylnon is also another chemical which gravely harms the
fish population if presented in the environment. With an LC50 of 0.16 ppm and
0.10 ppm in rainbow trout and channel catfish respectively, hydramethylnon is
highly toxic in fish and often accumulates in the fatty tissue of fish due to its low
water solubility, large KOW, and large KOC ratios (Bacey, 2000). Additionally,
cyfluthrin is highly toxic to fish species, killing them in LC50s as low as 1 ppb
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and also negatively affecting the reproductive success of aquatic invertebrates
such as water fleas and mysid shrimp species (Cox, 1994). Moreover, the rapid
influx of nitrates into marine coastal ecosystems can result in eutrophication
where the abundance of nitrates prompts algae blooms, a rapid accumulation of
algae in the ocean, which consumes most of the dissolved oxygen in the waters.
This results in extended dead zones where the marine ecosystem has a very low
dissolved oxygen content and cannot sustain life for a prolonged period of time.

Industrial Component

The industrial component of ocean chemical pollution sources includes the
chemicals that are used in industrial manufacturing processes or used as active
ingredients in commercial product manufacturing. Taiwan has a booming chem-
ical industry, boasting approximately 42 member companies of the Taiwan
Petrochemical Association and 80 other major chemical companies as of 2010
(Hu & Chen, 2012). Due to the high production capacity, Taiwan exports 50% of
its petrochemical products and 70% of its plastic and synthetic rubber raw mate-
rials such as polyethylene and styrene-butadiene rubber, with Taiwan’s chemical
industries making a total of 135 billion USD (Hu & Chen, 2012). These statistics
prove that industrial chemical manufacturing in Taiwan is very prevalent and
explains how 19.0 million metric tons of industrial waste were generated in
Taiwan in 2016 alone (Tsai, 2019). If Taiwan wants to continue its growth in
the global chemical industry, proper preventive measures must be taught and
understood to restrict the influx of these harmful industrial chemicals into the
marine environment.

Industrial chemical wastewater is not only a consequence of fossil fuel mining,
powerplants, and chemical manufacturing companies, but also produced as
a result of food, beverage, plastic, and clothing processing industries. Chemicals
released via petroleum refineries and petrochemical companies comprise of
pollutants such as oil, suspended solids, ammonia, chromium, phenols, sulfides,
ethylene, propylene, chlorine, nitrates, phosphoric acid, etc (Moore et al., 2021).
Fossil fuel power plants, predominantly coal-powered plants, discharge industrial
wastewater with substantial amounts of metals such as mercury, lead, cadmium,
chromium, arsenic, and selenium (Micronics Engineered Filtration Group, 2021).
These metals and toxins, in turn, harm the marine ecosystem into which these
industrial wastewaters are dumped into or enter them through wastewater runoff.
It has been reported that trace metals such as cadmium, chromium, and lead
have been found in marine copepods in northern Taiwan’s coastal areas and
indicates the high level of contamination in these waters (Fang et al., 2006).
High concentrations of selenium, iron, zinc, copper, manganese, and mercury
were found in muscle, lung, kidney, and liver tissues of cetacean species such as
Kogia sima, Grampus griseus, Lagenodelphis hosei, Stenella attenuata, and more in
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the marine waters of northern and eastern Taiwan (Chen et al., 2020). Not only
are Taiwanese marine biodiversity suffering from metals and industrial chemicals
contamination, they are also prone to microplastic contamination where 1,097
microplastic particles ranging from 0.25 mm and more than 4 mm, weighing
0.771 grams were identified in only eight 0.0125 m3 samples of Taiwan’s
northern beaches and coastal marine areas (Kunz et al., 2016). Industrial chem-
icals, metals, and microplastics pose a great threat to the marine ecosystems of
Taiwan’s coastal areas and must be dealt with to lessen the chance of endanger-
ment of marine species.

Urban Component

The urban component of ocean chemical pollution sources include urban
wastewaters, sewage sludge, domestic chemical detergents, household chemical
products, etc. Municipal wastewater is one of Taiwan’s largest sources of water
pollution, especially in concentrated urban areas lacking proper sewer systems
and sanitation protocols. The Environmental White Paper 2007 presented by the
Taiwanese Environmental Protection Administration (EPA) analyzed that inade-
quately treated municipal wastewater have been continuously contaminating local
water bodies and coastal areas, additionally stating that sanitary sewer systems
have not been properly augmented to sustain growing city populations, rapid
urbanization, and expanding commercial activities (Chou, 2013). Furthermore,
it was reported on May 1, 2018, that surfers and tourists at Nanwan Beach in
southern Taiwan encountered sludge discharge from a local sewage treatment
plant in the coastal area (Everington, 2018). Specialists later analyzed that the
sewage sludge had already been spread far enough into the ocean and has a high
prospect of disrupting the local marine ecosystem and harming the biodiversity.
Additionally, in 2020, the Taiwanese domestic consumption of synthetic chemical
detergents measured up to approximately 70,000 metric tons and has shown
a positive trend with increasing consumption of household chemical detergents
throughout the years (US Environmental Protection Agency, 2000). This proves
the dire state of urban ocean chemical pollution in Taiwan, with inadequate
urban wastewater disposal systems and the overwhelming domestic consumption
of chemical products and detergents.

Chemicals often found in sewage discharges and urban sludges include consid-
erable amounts of nitrates, ammonia, phenols, polychlorinated biphenyls (PCBs),
phthalates, volatile aromatic compounds (toluene, benzene, xylene), selenium,
etc. (US Environmental Protection Agency, 2000). These toxins inhibit chem-
ical senses of fish species and biomagnify throughout marine ecological food
chains. Due to the high affinity for lipids and low elimination rate, PCBs tend to
bioaccumulate in the fatty tissue of fish and results in irregular levels of thyroid
hormones and neurotransmitters due to disruptions of the endocrine system in
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fish (Monosson, 2000). High levels of PCBs also immoderately negatively affects
the hypothalamic-pituitary-gonadal-liver (HPGL) axis of fish, a closely regu-
lated feedback loop essential for the supervision of proper reproductive success,
which leads to alterations in sex steroid hormones, gonad growth, and embryo
yolk production (Monosson, 2000). Ultimately, PCBs are highly toxic to fish
and greatly alters the reproductive cycles. Additionally, chemical detergents are
proven to harm fish species such as Ictalurus natalis by damaging their chemore-
ceptors revealing erosion of taste buds and impairment of receptor function,
affecting ability to feed or swim just after being exposed to only 0.5 ppm of the
chemical detergent (Bardach et al., 1965). It was reported that afflicted fish did
not recover even after spending 6 weeks in detergent-free waters, demonstrating
the long-term negative effects excessive use of chemical detergents can have
on the marine ecosystem. Furthermore, the influx of nitrates found in sewage
sludges are very likely to result in eutrophication and harmful algae blooms just
as discussed earlier in the agricultural component section.

Maritime Transport Component

The maritime transport component of ocean chemical pollution sources
involve marine transportation for commerce and global trade via coastal trading
vessels, bulk carriers, tankers, container ships, cargo ships, etc. The main link
maritime transport has to chemical pollution are the harmful incidents of chem-
ical and oil spills and the degradation they bring to marine ecosystems. This case
of ocean chemical pollution is also distinctive to Taiwan due to the previous
occurrences of oil spills caused by maritime transport. It was reported in March
2016 that a grounded ship, the T.S. Lines freighter, around Shimen Township in
the coastal waters of New Taipei City encountered a breach in the hull which
caused flooding in the engine compartment and severe damage to the fuel tank.
This resulted in an expansive oil spill, where the local marine ecosystem was
greatly threatened due to the fact that the ship was storing 40 tons of diesel fuel,
447 tons of gasoline, and 9 containers of hazardous chemicals (Charlier, 2016).

Additionally, another oil spill took place when the Greek-registered ship, the
Amorgos, passed by the southern coastal areas of Taiwan and caused a vast oil
spill, putting the local marine species in danger due to an accident in the merchant
vessel. These occurrences demonstrate the realistic harm oil spills via maritime
transport can cause to the environment. Even if people argue that oil spills have
a rare occurrence rate, ecologically damaging oil spill accidents have already
happened before and especially with heavy maritime traffic where approximately
30,000 tankers travel through Taiwan’s coastal waters every year (Chiau, 2005),
proper education and development of effective protocols is absolutely necessary
to ensure the safety of Taiwan’s coastal waters while still allowing for the contin-
uation of economic maritime activities.
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Incorporating the Educational Factor

Ocean literacy is a knowledge set that is essential for people to have in
a world where sustainable development is constantly being promoted and studied.
Historically, ocean literacy has only been something taught to people who have
direct exposure or involvement with the ocean and its many commercial prac-
tices. However, as the world is growing ever more interconnected, where the
actions of people living away from the oceans still have an impact on the health
of the oceans, ocean literacy needs to be more than just informally mentioned at
schools. Similar to the European Marine Science Educators Association, there is
an inherent need for the formation of an organization dedicated to mapping out
ocean literacy principles in order to uniformly incorporate marine education into
high school curriculums in Taiwan (Worm et al., 2021). For most students, ocean
literacy may seem like an abstract term, therefore, in order to incorporate ocean
literacy, the practical and cultural connections between the ocean and students’
everyday lives must be made so that students can develop a clearer mental map
of the importance of the ocean.

Although over the years, Taiwan has gotten more involved in marine protec-
tion methods to participate in the UN’s Decade of Ocean Science for Sustainable
Development, most of these measures are not implemented directly in education.
The Taiwanese education system would benefit from incorporating a measure-
ment tool to determine students’ ocean literacy levels and thus make changes
to the curriculums accordingly. An example would be the International Ocean
Literacy Survey which sets a standard for students, however, this kind of survey
has never been implemented within Taiwan, thus marking a need for change
(Fauville et al., 2018).

Methodology

To better understand the role, the educational curriculum plays in establishing
a basic understanding of ocean chemical pollution and other marine issues in
students, a survey was designed and given to Taiwanese university students.
Participation in this study was voluntary and anonymous. This was a self-admin-
istered web-enabled questionnaire, which was estimated to take approximately
5 minutes to complete the survey.

Even if a few studies do mention the educational aspect of the problem, data
has only been gathered from high school students or younger while this paper
conducts a study on university students who have already been through the entire
school curriculum and have had the chance to be exposed to the reality of ocean
chemical pollution and other types of marine pollution via the internet or other
external sources. Therefore, gathering data from university students presents a
clearer overall picture of the educational environment current students are exposed
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to, both inside and outside school, and how well it prepares them to better under-
stand local ocean chemical pollution and other marine pollution issues.

Survey Development

The questionnaire was created and administered in both English and Chinese
to aid the Taiwanese university students and avoid confounding variables. The
survey was designed to gather information about the students’ opinions on how
well the school curriculum developed their ocean literacy and how confident
they are in their personal understanding and knowledge about marine pollution
issues in Taiwan.

* Questions 1~3 were designed to ask for basic personal information and
demographic data. Information such as age, gender, and highest level of
education were asked for.

* Questions 4~5 were designed to directly and explicitly ask what the
students’ views were on how well the school curriculum prepared their
ocean literacy. They were asked whether they had learned about ocean
chemical pollution in school before and what they thought the most serious
marine pollution problem was after being exposed to the school curriculum
and other external sources such as the internet.

* Questions 6~13 were designed to indirectly and implicitly ask what their
knowledge about ocean chemical pollution and marine issues were. These
questions helped gather objective data on how well the school curriculum
developed students’ ocean literacy. They were asked questions about
certain facts or what they thought about a certain piece of information or
statement regarding marine issues.

The majority of the responses were recorded using a 5-point Likert scale,

where 1 represented strongly disagree and 5 represented strongly agree. A few of
the questions were multiple-choice or free-answer style questions.

Survey Administration

The questionnaire was presented through an online Google forms survey
platform. The survey was given specifically to Taiwanese university students,
unlike the previous studies that were discussed in the introduction. University
students were chosen exclusively due to how their responses would present
an overall impression of how well the entire school curriculum and external
educational environment prepares students’ ocean literacy and gives them the
chance to understand marine issues in their country. University students from
the Tainan National University of the Arts and National Taipei University of
Technology were chosen specifically since the combination of these universities’
student populations would have a broader range of professional backgrounds and
education specialization areas to avoid results from being deceiving or biased.
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Additionally, since the universities are located in different regions of Taiwan, the
school curriculums and educational environments of different counties could be
taken into consideration in this study. The online questionnaire was distributed
to students at the Tainan National University of the Arts and was published on
the student website of the National Taipei University of Technology to have
students voluntarily fill out and submit responses via the Google forms link. The
students were given a period of 6 days to fill out the survey, starting on June 25,
2021, and ending on June 30, 2021.

To take into consideration ethical approval for this study, as an independent
research, we received an IRB approval from the Tainan National University of
the Arts. Additionally, before administering the survey, it was made clear to
the participants that their responses to the survey were for the purpose of this
study and that any personal information remained confidential and the survey
responses were anonymous. If the participants did not want to take part in the
study, then they were free to choose not to participate. Those who agreed and
consented to using their answers as data were free to proceed with the survey,
thus being voluntary participation after informed consent.

Data Analysis & Discussion

Demographic Data

Out of the university students that were surveyed, 61.3% (38 people) of
participants were female, 37.1% (23 people) were male, and 1.6% (1 person)
preferred not to say.

Figure 1. Demographic data on the educational status of the participants



TO BE ORNOT TO BE A GREAT EDUCATOR, 2022 744

N.S.RAJAPAKSE. Promoting Ocean Literacy and Combating Chemical Pollution via Marine Education ..

The data on age range was that 62.9% (39 people) of participants were
between the ages of 18 and 24, 30.6% (19 people) were between the ages of
25 and 34, 3.2% (2 people) were between the ages of 35 and 44, and 3.2%
(2 people) were between the ages of 45 and 54. The data on the highest degree
of education completed is shown in Figure 1.

As Figure 1 shows, 11.3% (7 people) of participants had graduated high
school, 3.2% (2 people) had completed vocational school, 29% (18 people) had
completed some college but had not yet obtained a degree, 29% (18 people) had
completed a Bachelor’s degree, and 27.4% (17 people) had completed a post-
graduate degree. Results show a varied student body allowing for a fair variety
of views amongst the participants.

Critical Data Points

In providing the analysis of the survey results, there were a few questions
that provided the critical data values for this study. The first question being “Did
you ever learn about marine chemical pollution in school before?”, this question
aimed to explicitly examine what the university students’ views were on their
own education systems and have them question the role their school curriculums
and educational environment played in ensuring students with a basic founda-
tion of ocean literacy for the future. The results for this question supported this
paper’s claim that there is in fact a lack of proper integration of ocean education,
regarding ocean chemical pollution and other such marine pollution issues, into
the curriculums of local Taiwanese schools. As shown in Figure 2, the 59.7%
majority of students (37 people) answered that they have never learned about
marine chemical pollution in school before. Only 22.6% of students (14 people)
were absolutely certain when answering that they have in fact learned about
these kinds of marine issues in school before, with 17.7% of students (11 people)
not being sure.

To provide further analysis, the students’ age ranges and levels of educa-
tion were studied to see if it was possible to derive a correlation between these
variables. Out of the 37 people who answered that they have never learned
about marine pollution in school before, the majority of the responses came
from students who are between the ages of 18 to 24 (19 students; 51.4%) and
between the ages of 25 to 34 (15 students; 40.5%), while only the extreme
minority of responses coming from older age groups (1 student in the age range
between 35 to 44 at 2.7% and 2 students in the age range between 45 to 54 at
5.4%). Therefore, the majority of the students who commented on the lack of
ocean literacy in their school curriculums were those from younger age groups,
meaning those who were exposed to the most current educational curriculums in
Taiwan admit that their curriculums did not do a good job of preparing them and
educating them on marine pollution issues. Out of the 37 people who answered
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no, when asked for the highest level of education they have been involved in, 14
students responded high school (37.8%), 10 students responded Bachelor’s degree
(27%), and 13 students responded post-graduate degree (35.1%).

From these specific data points, it can be identified that the responses are
divided fairly equally amongst the three levels of education, meaning that the
more educated one was didn’t really play a significant factor in ensuring whether
someone was more educated on marine issues or not. However, looking back at
the statistics regarding the ages of people who answered no, the overwhelming
majority were those who were from younger age groups, implying that educa-
tion on all three levels was almost equally bad in ensuring ocean literacy and
the trend with age probably meant that students’ external learning environ-
ments, such as the internet, current news, or the very limited public environ-
mental campaigns, played the biggest factor in the trend of ages observed. In
other words, the older the students are, the longer they have been exposed to
this external learning environment and thus the more of them that have a better
understanding of marine issues. In conclusion, the relative trend of how younger
students knew less about these issues could be due to two reasons:

1) the quality of education in this area or the overall integration of marine

pollution education into school curriculums decreased or

2) the longer the students are exposed to external factors of education such

as the media or already existing public campaigns, which age played a key
factor in.

Figure 2. Results on whether students ever learned about marine chemical pollution or other
related marine issues in their high school curriculum
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The second question being “What do you think is the most serious problem
Taiwan’s oceans are facing no?”, this question was meant to test the participants’
knowledge of marine issues and how their educational environments influenced
their opinions on this matter. Out of the 5 main types of marine pollution listed,
the 3 that were answered the most were plastic pollution, chemical pollution,
and solid waste pollution. As illustrated in Figure 3, the responses from the 63
participants showed that the majority 54.8% (34 people) of students stated plastic
pollution as the most serious problem, 11.3% (7 people) stated solid waste pollu-
tion, 4.8% (3 people) stated thermal pollution, 3.2% (2 people) chose other, and
only 25.8% (16 people) answered chemical pollution as the most serious problem
Taiwan’s oceans are facing. To put it in other words, only 16 out of 63 people
thought that chemical marine pollution, which this paper previously went in
depth about its direness and a justification for why it should be considered.

More specifically, out of the 34 people who responded with plastic pollution
as the most dire situation in Taiwan, 22 of those participants were those whose
high school curriculums didn’t include marine pollution education. Consequently,
out of that batch, 6 people answered earlier that their high school curriculum
included marine pollution education while the remaining 6 participants were
unsure. In comparison, out of the 16 people who answered chemical pollution
as the most dire marine pollution situation in Taiwan, 9 of those people have
never properly learned about marine pollution in school, while 3 people have
learned about it and 4 people were unsure. These numbers show inconsistency in
ensuring students with the prerequisite knowledge of marine education, demon-
strating how the majority of people whose curriculums had no mention of marine
issues were more likely to immediately believe that plastic pollution was more
dire than chemical pollution, presumably due to the relatively larger media
coverage plastic pollution receives in Taiwan. Comparatively, people who chose
chemical pollution as the most dire situation didn’t display a statistically rele-
vant percentage breakdown of people who learned about marine issues in school
versus people who didn’t. However, due to the lack of marine pollution education
in school curriculums as demonstrated by the statistics shown in Figure 2, only
a minority of students realize the real serious nature behind ocean chemical
pollution. The majority of students who chose plastic pollution were highly likely
to never been educated on the fact on there are many current recovery projects
targeting plastic pollution in Taiwan and it is in fact ocean chemical pollution
that is not getting enough recognition as a serious marine problem. As proven
in the literature analysis, the prolonged harms of ocean chemical pollution will
continue if students aren’t educated on the distressing reality of ocean chemical
pollution and will continue to acknowledge plastic pollution as the most serious
problem simply due to the fact that the term is heard much more frequently in
media broadcasting stations and news articles. As a part of the marine pollution
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education that needs to be integrated into school curriculums, students must be
taught a clearer system of defining the seriousness of an ecological problem,
where both the level of environmental harm and the number of current targeted
recovery projects and organizational efforts to prevent the harms are taken into
consideration to evaluate the urgent nature of a problem.

Figure 3. Results on what the students personally thought was the most serious problem that
Taiwan’s oceans are facing in the status quo

The students were later asked questions about their confidence in Taiwan’s
marine ecosystem safety and health, Figure 4 shows the results being a variety
of answers in this case.

Figure 4. Results on the students’ opinions on whether Taiwan’s oceans safer and cleaner
when compared to other countries’ oceans
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In response to the statement “I think Taiwan’s oceans are healthier than other
countries’ oceans: 3.2% (2 people) strongly agreed, 8.1% (5 people) agreed,
30.6% (19 people) remained neutral, 48.4% (30 people) disagreed, and 9.7%
(6 people) strongly disagreed. These statistics prove how there is a considerable
variation in the students’ answers and this in turn will affect the ability for
these university students to later collaborate to work towards marine pollution
recovery projects and prevention policies. This proves the need for a more effec-
tive integration of marine pollution education in school curriculums to enable
the growth of a more consistent mindset towards protection of Taiwan’s oceans
amongst young minds. A clearer, more unified viewpoint established amongst
students will aid the effective development of successful preventive measures of
marine pollution issues.

The slight majority of students, however, did disagree to the fact that Taiwan’s
oceans are healthier and safer than other countries’. This piece of data also shows
that there is a certain urge in the youth population of Taiwan to take better care
of Taiwan’s oceans. If they are provided with proper education on these topics
and a healthy development of ocean literacy from a young age, these students
and future young workers will be more capable of launching legitimate recovery
projects and ultimately better practice sustainable decision making via success-
fully passing and monitoring marine protection policies. Another data point to
support this assertion was gathered from the students’ responses to the question
on whether they believed that ocean chemical pollution would have a direct
negative impact on human health and lifestyle.

Figure 5. Students’ responses to whether they thought ocean chemical pollution affected
human health
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Responses had an overwhelming majority of students who disagreed with the
statement “I think chemical pollution in the oceans has no effect on the health
of humans” with: 58.1% (36 people) who strongly disagreed, 37.1% (23 people)
who disagreed, and 4.8% (3 people) who agreed with the statement. These
results are shown in Figure 5, demonstrating that there is a general concern for
the prevalence of ocean chemical pollution due to the threat it poses to human
health. Furthermore, this shows how students do have an urge to help due to
the fear brought about by the possible risk it poses to humans, however, proper
marine pollution education is necessary for the effective use of the widespread
concern in the youth population of Taiwan to better solve these marine issues.

This statistic proves how only a minority of the survey population have had
actual marine pollution education in their school curriculums, which when applied
to the wider population of university students in Taiwan is very concerning due
to the fact that the majority of Taiwanese society’s future workers and young
minds have not had the proper schooling on the dire topics of ocean chemical
pollution and marine pollution issues.

Conclusion

According to the conducted research study, results clearly demonstrate the
need for the adequate integration of ocean chemical pollution and other marine
issues education into the school curriculum. Even though it was a limited survey,
the gathered statistics still prove the claim made in this paper. This paper has
conducted an analysis and thorough investigation of ocean chemical pollution both
on how certain toxic chemicals affect marine biodiversity and how each case of
ocean chemical pollution applies to Taiwan. Through the literature analysis, this
paper has proven the seriousness of the problem that ocean chemical pollution is in
Taiwan’s oceans and have also proposed the best way to lessen the environmental
harms. To better solve problems such as ocean chemical pollution that do not get
much attention from public or governmental sectors, proper marine education and
development of students’ ocean literacy must be enforced. The introduction of
marine education into school curriculums can be brought upon, for example, by
the development of a Taiwan Marine Education Act, which sets proper guidelines
for schools to develop their curriculum to allow students to be educated on topics
such as ocean chemical pollution and other marine issues. This will allow for more
consistent social awareness on the topic of ocean chemical pollution and also the
enhancement of a basic understanding of such topics in students.

A basic understanding of ocean chemical pollution and other marine issues are
crucial in the next generation of young minds in Taiwan due to the potential for

1) increased public support when the government or other private organiza-

tions take charge to implement solutions
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2) development of life styles that reduce the risk of man-made ocean chemical
pollution in youth populations

3) the growth of a common willingness to contribute to preventive measures.

In future research, investigations on university students can be done on
a larger sample population of students and from a greater variety of universities
in Taiwan. These future studies will allow for the gathering of legitimate data
to back up the development of marine education in school curriculums. Ocean
chemical pollution is a real threat to Taiwan’s oceans and educating the youth of
Taiwan is the best way to combat the prolonged destruction it has on the marine
ecosystems of Taiwan.
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