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Abstract

Microplastics are smaller than 5 mm and occur in a variety of shapes and colours. Primary
microplastics are purposefully manufactured to be plastic pieces, whereas secondary
microplastics are fragments resulting from the breakdown of larger plastic debris.
Microplastics have two main impacts on the environment: 1. microplastics can accumulate in
the food chain; and 2. microplastics can absorb contaminants and toxic substances on their
surfaces, polluting the natural ecosystem. The aim of this research is to investigate whether
microplastics are present in the Waihopai River and the Otepuni River in Invercargill, and to
analyse the most common shapes and colours of microplastics, in order to provide clues to
possible pollution sources. A 234 μm plankton net was used to collect water samples at each
site, followed by a stacked arrangement of 0.3mm and 5mm sieves to filter the materials in the
water samples. Organic matter was separated from the microplastics using the Wet Peroxide
Oxidation method, and the Density Separation method was used to separate out the
microplastics from the samples (based on NOAA protocol). Once isolated, the microplastics
were identified using a digital microscope. After two months of sampling (n = 16), results
showed that the two rivers were polluted by microplastics in varying degrees (0 to 3.87 particles
per m3). These microplastics were categorised into four main shapes: foam, film, fibre, and
fragment, and into seven different colours. The most common shape by far was hard plastic
fragments (up to 219 pieces per sample) and the prevailing colours were white and transparent.
The main carrier of these microplastics into Invercargill waterways was urban stormwater
runoff. The concentrations of microplastics in the Otepuni River and the Waihopai River are
lower than that in many streams in other New Zealand’s cities and other countries, such as the
UK, and the USA. However, there is limited research on the quantity and situation of
microplastics in New Zealand, especially in the freshwater system and the quantification
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methods between studies have not been standardised. Therefore, it is very important to
strengthen the long-term and multi-points monitoring of microplastics in Invercargill City, and
other cities in New Zealand using a standardised methodology. Ongoing monitoring would
allow researchers to see whether there is an increase of microplastics in the ecosystem over
time and the categorisation could help to inform targeted measures to reduce the flow of
microplastics into the natural environment.
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1. Chapter 1: Introduction
Plastic is a material largely derived from non-renewable resources such as oil (Andrady, 2015,
p. 10). Plastics are monomers (a molecule that can be bonded to like molecules) that can be
linked into chain-like polymer compounds through the process of polymerisation or
polycondensation (Chanda, 2018, p. 1). Plastics have increasingly become a major part of
human life around the world, because of their advantages such as high production rates, being
lightweight and sturdiness. On the other hand, plastics also have many drawbacks, especially
environmentally (Hamaide et al., 2012, p.245). For example, the long-lasting nature of plastics
means that they are persistent for a long time in the natural environment, degrading over time
into smaller and smaller pieces (Subramanian, 2013, p. 5). Thus, the mass production of plastics
has brought many potentially adverse impacts to our planet.
Microplastics are very small pieces of plastic that can have different shapes and colours, but
the size has been classified between 0.3 millimetres (mm) and 5 mm (NOAA & U. S.
Department of Commerce, n.d.). Microplastics can be of either primary or secondary in origin
(Andrady, 2015, p. 304). Primary microplastics are purposefully manufactured to be plastic
pieces that are less than 5 mm in size, such as granules and microbeads (NOAA, n.d., p.1).
Secondary microplastics are small fragments of plastic resulting from the breakdown of larger
plastic debris through the biological, physical and chemical processes, such as
photodegradation, thermal oxidation, hydrolysis, and biodegradation (NOAA, n.d., p.1).
Microplastics have two main impacts on the environment: 1. microplastics are tiny, so they can
accumulate in the food chain and can affect microorganisms that play an important role in food
chains; and 2. microplastics can absorb contaminants and toxic substances such as Persistent
Organic Pollutants (POPs) on their surfaces (Matthias, 2012, p. 6453; Wright et al., 2013, p.
485). Microplastics also release toxic additives when they are degraded and accumulate POPs
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(Bakir et al., 2012, p. 2783). These toxic substances may enter food webs at low trophic levels
(Besseling et al., 2013, p. 593; Mato et al., 2001, p. 319). According to Engler (2012, p. 12302),
microplastics have the risk of transporting these toxic additives and POPs to human food. In
addition, according to the Ministry for the Environment in New Zealand (2017, p. 7),
microplastics also have social, cultural, and economic impacts. For example, various marine
organisms absorb microplastics, leading to potential injuries in their bodies such as blockages
throughout the digestive system and scratches from sharp microplastics (Cole et al., 2013, p.
6647; Ugolini et al., 2013, p. 20), hence microplastics have a risk of devaluing ecotourism, fish
industry, ecosystem services, taonga, and mahinga kai. Although some risks associated with
microplastics have been acknowledged, this field remains mostly unstudied and people still
poorly understand their impacts.
1.1 Study Sites
The purpose of this research is to measure the microplastics concentrations in Waihopai River
and Otepuni River in Invercargill city. The length of Waihopai River is 40 kilometres, passing
through Southland Region in New Zealand (Wikipedia, n.d.). Several streams arise between
Edendale and Dacre, flowing through Woodlands to form Waihopai River in the east of
Invercargill (Wikipedia, n.d.). The river runs through Invercargill City and flows into the
northern end of the New River Estuary (Wikipedia, n.d.). Otepuni River originates in the east
of Invercargill City, flowing across several blocks in the south of Invercargill City, and then
flows to the west of the city to merge Waihopai River and enter the New River Estuary (Google
Maps, n.d.). New River Estuary has many natural habitats and connects to the open sea.
Therefore, microplastics do not only affect the two rivers, microplastics also impact on the
estuary and even the ocean. The two sites represent different rivers in Invercargill, and both
receive high levels of stormwater inflows, hence why the two rivers were selected as research
sites.
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Figure 1.1

Figure 1.2

Waihopai River and Otepuni River

Selected sites in the Waihopai River and the Otepuni River

Note. Waihopai River and Otepuni River in Invercargill. From Invercargill, by Google, n.d., Google Maps
(https://www.google.com/maps/place/Invercargill/@46.4128228,168.3404343,15z/data=!4m5!3m4!1s0xa9d2c494ac1469d7:
0xa00ef88e796a420!8m2!3d-46.4131866!4d168.3537731)
Note. Selected sites in Waihopai River and Otepuni River. From Invercargill, by Google, n.d., Google Maps
(https://www.google.com/maps/place/Invercargill/@46.4128228,168.3404343,15z/data=!4m5!3m4!1s0xa9d2c494ac1469d7:
0xa00ef88e796a420!8m2!3d-46.4131866!4d168.3537731)

1.2 Rationale
Microplastics are an emerging field. Scientists estimate more than 150 million tons of plastic
existing in the world's oceans today and 8 million metric tonnes of plastic enter the oceans
every day (Masura et al., 2015, p. 1). Compared with marine ecosystems, research on
microplastic pollution in freshwaters is rare (Rochman, 2018, p. 28). There are two main
sources of microplastics entering the natural environment: one is runoff; the other is wastewater
(Rochman, 2018, p. 28). Urban and road stormwater runoff is an important pathway for passing
microplastics from land to the waterway (Kole et al., 2017, p. 2). The microplastics from built
environments such as landfills and roads (e.g. from tyres particles breaking dwon through
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mechanical abrasion) can flow into natural environments such as soil or water bodies through
runoff (Royal Society Te Aparangi, 2019, p. 10). Sewage is an obvious pathway for passing
microplastics (Galafassi et al., 2019, p. 13) and can come from a variety of sources. For
example, microfibers flow into sewage through washing clothes, and microbeads from shower
gels and facial scrubs flow into water systems after use (Murphy et al., 2016, p. 5800). The
filtration systems of wastewater treatment plants cannot filter microplastics completely, most
of which are discharged directly into the rivers or estuaries (Galafassi et al., 2019, p. 13).
Around 80% of the microplastics in the ocean come from land, and rivers are one of the
pathways for microplastics to reach the oceans (Rochman, 2018, p. 28). Therefore, it is not
comprehensive to only focus on the research of microplastics in the ocean. Currently,
researchers have begun to pay attention to the study of microplastics on land and rivers, but
there is still a lack of knowledge about microplastics in freshwater systems. It has also been
identified by local council that research on microplastics in freshwater systems should be paid
more attention (Environment Southland, 2009).
Invercargill is a relatively small city, covering an area of less than 400 km2. Waihopai River
and Otepuni River flow across several blocks in Invercargill City (Google Maps, n.d.), hence
the two rivers are representative in Southland. Currently there have been few studies
investigating the prevalence and types of microplastics in rivers in New Zealand, especially in
Southland. This research can provide a simple methodology for measuring the microplastic
concentration in freshwater rivers. These methods can be reproducible easily and available
without requiring extensive and expensive equipment. In addition, the results obtained from
this research can provide useful information for future research and mitigation strategies.
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1.3 Aims
To investigate whether microplastics are present in the Waihopai River and the Otepuni River
in Invercargill, and if so, to quantify concentration and analyse the most common shapes and
colours of microplastics, in order to provide clues to possible pollution sources.
1.4 Objectives
•

To identify presence of microplastics in Invercargill waterways by collecting water samples
weekly from the Otepuni River and the Waihopai River, over the course of 2 months.

•

To calculate the concentrations of microplastics using amount of collected microplastics,
filtered water volume, the area of the plankton net opening, and the sampling time.

•

To prepare microplastics for visual identification using lab techniques (organic matter
digestion and density separation), in order to categorise and provide clues as to potential
origins.

•

To identify the microplastics from the dried samples using a digital microscope to analyse
shapes, colours, and possible sources of microplastics.

1.5 Limitations
•

Time:
The research period was constrained to one academic year (final year of the Bachelor of
Environmental Management programme).

•

Flow analysis:
When river water passes the opening of the plankton net, the mesh, net pole has resistance
that may slightly affect the flow velocity (Su & Zhan, 2012, p. 2). Other factors also affect
the flow velocity, such as the resistances from riverbeds and river substrates, as well as
wind (Ronge, 2016, EPA, n.d.). These parameters are very difficult to calculate and only
the factor of riverbed substrate has been considered in this research. Therefore,
14

microplastics concentration calculations may be subject to slight error due to these
confounding factors.

1.6 Delimitations
•

Sample period:
More accurate data will be obtained via long-term and multi-points sampling in the same
river (Figure 1.3) (Liedermann et al., 2019, p. 418) and some researchers believe that water
sampling needs to occur over the entire year (Haimann et al., 2014, p. 135). The long-term
and multi-points sampling cannot be done in this research because the data collection is
constrained to only a few months and thus a sampling period of two months was determined
(with data collection once per week).
Figure 1.3
Multi-points measurements in a river

•

Sampling time:
The sampling time that the net was held in the water column was 30 minutes. If time were
not limited, it may be possible to collect more representative data by sampling over longer
periods of time or different times during the day. However, due to time limitations, this was
not possible.

•

Sampling sites:
Multi-point sampling is a good approach to get more accurate data in a waterbody. But due
to time and budget limitation, a few representative locations were selected. The selected
15

sites represent different rivers, and cover locations which receive high levels of storm drain
input.
•

Method selection:
1. This research represents an accessible way to measure microplastics concentration in
rivers. Better results can be obtained with the support of professional instruments. For
example, the misidentification of microscope examination is high if there are too many
microplastics in the sample. Thus, more accurate result will be obtained using
professional analysers (Liedermann et al., 2019, p. 414). SIT lab does not have these
machines, which are large and expensive. The advantage of this simpler methodology
is that it can still achieve the purpose of obtaining useful data that could identify the
need for further research and high-tech analyses. In addition, it could be easily repeated
by students and citizen scientists.
2. The flow velocity changes continuously due to wind and other factors, so it also changes
during the 30 minutes of sampling process. Hence the method of flow velocity
measurement (the float method) is not considered the most accurate method and can
only measure be used to measure the velocity of the river surface. The problems can be
effectively solved by using the flow meter installed on the sampling net. However, due
to budget constraints and the need for more accessible sampling methods, the float
method was chosen.
3. Microplastics usually distribute in different water columns in the rivers, because of their
size, density, texture, etc. In this research, surface water samples were only collected in
the Waihopai River, while water samples with all water columns could be taken in the
Otepuni River, because the Otepuni River is shallow. A sampling net with a stacked
arrangement of three layers can collect sample in different water columns (Liedermann
et al., 2019, p. 418), but due to budget limitations, a single net was used in this research.
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•

Literature: Measuring the microplastic concentration in seawater and sediments is different
from that in rivers. This study mainly focuses on freshwater, so literature on measuring
microplastics in beach environments, sea, soil, and sediments were not reviewed.

1.7 Timeframe
Relevant literature and information were researched, integrated, and adapted in April. The
planning was completed in May. Field trips were also conducted in May. The sampling and
experiment were conducted during the middle of June and the middle of August. The result
analysis and research design were started in August. The whole research project was completed
in the early September.
Table 1.1
Timeframe of research
Task

April

May

June

July

August September

Planning
Sample
collections &
Laboratory tests
Design & Data
analysis
Implementation

1.8 Budget
The SIT laboratory has most of the instruments and reagents needed for this experiment. It is
estimated that travel to and from field sites will cost the researcher about $100 for petrol. The
following list (Table 1.2) includes all reagents, materials, and equipment needed, as well as
their costs. However, most equipment and reagents should be available in a typical high school
or tertiary institute laboratory.
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Table 1.2
Budget of research

Item
10 m of Measuring tape
Plankton net with a mesh size of 234 μm
0.3 mm Sieve
5 mm Sieve
200 mL Beakers
Drying oven
Distilled water (1 L)
Aluminium foil (5 m)
Burner
Wire gauze
Glass funnel (200 mL)
Hi-visibility vest
Hydrogen peroxide 30% (500 mL)
FeSO4.7H2O
Measuring glass (50 mL)
Retort stand
Iron ring
Safety glasses
Sodium chloride (500 g)
Stir bar
Concentrated sulphuric acid
Thermometer (0 ° C to 100° C)
Tripod
10cm of tubing
Watchglass
Tweezer
Digital microscope
Spatula
Filter papers with a diameter of 15 cm
Flask (125 mL)
Microscope slides
Maker
Laboratory balance
Gloves
Plastic clip
Reagent bottle
Wash bottle

Quantity

Budget

1
1
1
1
5
1
1
1
1
1
2
1
1
1
2
2
2
1
1
1
1
1
1
2
2
1
1
1
100 Pack
2
72 Pack
1
1
100 Pack
2
1
1

21.52
$
499.00
$
40.87
$
39.13
$
50.00
$
$ 1,000.00
10.00
$
5.00
$
80.00
$
7.00
$
150.00
$
7.00
$
78.00
$
15.00
$
135.00
$
200.00
$
10.00
$
10.00
$
66.00
$
7.00
$
35.00
$
18.00
$
10.00
$
20.00
$
15.00
$
5.00
$
50.00
$
10.00
$
56.00
$
50.00
$
10.00
$
5.00
$
600.00
$
15.00
$
10.00
$
25.00
$
9.50
$
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1.9 Health and Safety
A Risk Analysis and Safety Management System (RASMS) form was filled out before
sampling in order to identify and mitigate possible risks in the field (Appendix B). Researcher
and assistant needed to wear Hi-visibility vests during sampling as the sample sites were public
areas close to roads and traffic. Sampling was not allowed when the water levels were too high,
the water flow was too fast, or under adverse weather conditions (e.g. lightning could be
attracted to the instrumentation). Water samples were processed in the SIT laboratory directly
after sampling and laboratory safety rules were followed when doing experiments.
1.10 Ethics
The research did not involve any human or animal subjects and thus did not require additional
ethics application. The stage of water sample collection required a field assistant. The use of
assistant required the consent of the supervisor. The assistant should understand her/his ethical
responsibilities, health and safety considerations, and the details of this research.
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2. Chapter 2: Literature Review
2.1 Introduction
The plastic industry began to develop in the last century and a half ago (Hamaide et al., 2014,
p. 7). These plastic products breakdown into microplastics through a series of processes plus
the direct production of microplastics, causing many microplastics to exist in various ecological
environments on the earth, such as soil, air, and water. Many living organisms have become
the unwitting consumers of microplastics (NOAA, n.d., p.1). People have in recent times
become concerned about the potential threat they pose to environment and human health.
Many countries have enacted regulations prohibiting the production of microbeads. The United
States (USA) was the first country to ban the manufacturing and distribution of products
containing microbeads (U. S. Food & Drug Administration, 2017, March 11). In New Zealand,
the section 23 of the Waste Minimisation Act 2008 prohibits the sale and manufacture of rinseoff products containing microbeads such as cosmetics and abrasive cleaning products (Ministry
for the Environment, 2018, June 7). These have reduced the microplastic concentrations from
primary sources, but the prohibited products do not completely cover all products containing
primary microplastics. Microbeads from personal care products account for a small percentage
of microplastics entering the environment (New Zealand Government, 2017, p.6). Thus, it is a
great challenge to prevent microplastics entering the natural environment.
This literature review will briefly introduce the development and properties of microplastics,
then review the methodology of measuring the microplastic concentrations in water bodies and
will review the previous data analysis. This paper will integrate various methods and views
from different authors and researchers, in order to give the readers a systematic understanding
of microplastics.
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2.2 Properties of Microplastics
Plastic is a type of polymer that is typically modified with additives like stabilizers, fillers, and
colorants, which can be shaped under certain conditions of temperature and pressure (Andrady,
2015, p. 10). Plastics are recalcitrant materials that can break down or degrade on exposure to
the environment, but the process is painstakingly slow in most environments (Andrady, 2015,
p. 146). For example, plastics lose strength under solar irradiation gradually, weakening to a
point where surface cracks appear and become brittle, fracturing to fragments. If these small
fragments are in a biotic medium, such as presence of proper strains of microorganisms, they
will further break down and convert into inorganic materials, such as methane and carbon
dioxide via biologically mediated degradation, although this process may take decades or
centuries (Andrady, 2015, p. 146). The biodegradation of polymers requires two necessary
conditions: firstly, polymers must be exposed to biotic environments; and secondly, the
chemical structures of these polymers must be amenable to break down by microbial enzymes
in these environments (Andrady, 2015, p. 147). Thus, the degradation of plastics does not only
need time, but also need to meet other conditions such as environments and types of polymer
(Andrady, 2015, p. 147).
Many industries have begun to produce "degradable plastics" or “biodegradable plastics”,
which merely mean that these plastics could degrade or decompose faster, because of their
chemical structure, but as mentioned above, degradation process requires many conditions, so
reducing secondary plastics is still a big challenge (Andrady, 2015, p. 146). Further, once these
so-called “degradable plastics” or “biodegradable plastics” degrade into the environment, they
still persist and pose a possible risk.
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Figure 2.1
Principal agencies of plastics degradation in the environment

2.3 History of Microplastics
According to Hamaide et al. (2014, p. 7), plastic polymer science is a relatively young science.
The concept of macromolecules for the properties of polymeric materials was introduced by
Hermann Staudinger in 1919 (Hamaide et al., 2014, p. 7). Before 1930, a small amount of
polymers, such as bakelite, and vulcanized rubber was produced, but the true property of the
chemical species was not revealed at that time (Hamaide et al., 2014, p. 7). Some polymers of
different families, such as low-density polyethylene in 1933 and polyamides in 1938 were
produced because of a better understanding of the macromolecular structure from 1930
(Hamaide et al., 2014, p. 7). The new polymerization methods had developed rapidly after the
Second World War (Hamaide et al., 2014, p. 7). High-density polyethylene and polypropylene
were invented by Karl Ziegler and Giulio Natta in 1953 (Hamaide et al., 2014, p. 7). Michael
Szwarc proposed anionic polymerization to design the first macromolecular architectures in
1956 (Hamaide et al., 2014, p. 7). Wladyslaw Kaminski invented metallocenes which are very
effective metal catalysts in 1980 (Hamaide et al., 2014, p. 7). Mitsuo Sawamoto and Krzysztof
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Matyjaszewski combined the advantages of radical and ionic polymerization in 1994 (Hamaide
et al., 2014, p. 7). Next, the polymer has entered a high-speed development stage called “age
of polymers” (Hamaide et al., 2014, p. 7). At the same time, the entry into the age of polymers
has still brought many negative impacts, especially for environment. In 2004, Richard
Thompson and other people from the University of Plymouth in the UK put forward the concept
of microplastics for the first time in a paper published in the journal named Science, which
made people begin to pay attention to related fields (Wikipedia, n.d.). People began to realise
that plastic debris can also have an impact on the environment and began to carry out a variety
of research in this field.
2.4 Methodologies for Measuring the Microplastics Concentration in Water Bodies
The measurement of the microplastic concentration should be processed through a series of
steps, including water sample collection, wet sieve, separation, visual identification, and
calculation of concentration.
2.4.1 Water Sample Collection
Chanda (2018, p. 1) and Hidalgo-Ruz et al. (2012, p. 3061) used a plankton net for sampling;
this net was fixed on a boat that can easily carry the net from on sampling spot to the other
sampling spots. According to Liedermann et al. (2018, p. 417), water can be sampled using a
sampling net with a stacked arrangement of three layers that can obtain microplastics from
different layers (Figure 2.2). The multipoint method, described by Haimann et al. (2014, p.
135), stated that the sampling using a net with a stacked arrangement of three layers is a good
method, but short-term sampling is not enough. This measurement should be performed over
the entire year (Haimann et al., 2014, p. 135). In addition, determining the spatial and temporal
variability of microplastics is also important; discharge spectrum or indirect devices can be
installed to measure this (Haimann et al., 2014, p. 135). The suspended sediment concentration
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and flow velocity can be identified in various vertical profiles and at different depths using this
method (Haimann et al., 2014, p. 135).
Figure 2.2
Sampling microplastics in different water columns

The challenge for large-sized net sampling is how to fix the sampling net stably at the required
points in the water column, especially in large and medium-sized water bodies. Liedermann et
al. (2018, p. 417) recommended using heavy, hydraulically optimized devices to solve this
problem and these devices are usually installed on boats. Lenz et al. (2018, p. 3) invented an
Encapsulated Filtration Device for long-term sampling. The large device was built on the bank
and built in a movable storage container as a transport machine and an operation platform (Lenz
et al., 2018, p. 3). It could achieve long-term sampling and network fixation simultaneously.
Each method above has its own advantages and disadvantages. Given a sufficient budget, using
multi-layer sampling can get accurate results, as well as conducting long-term and multi-point
monitoring.
2.4.2 Wet Sieve
Masura et al. (2015, p. 8) stated that samples can be separated by using different sizes of sieves.
In their study, a 5 mm, 1mm and 0.3 mm sieves were put through a stacked arrangement, the
solids on the top sieve were discarded, and the different sizes of solids within the sieves were
obtained. Claessens et al. (2013, p. 228) invented a device to separate microplastics from water.
This device contained a PVC column with a length of 147 cm and diameter of 15 cm (Claessens
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et al., 2013, p. 228). A one mm sieve on the top of the column and a one mm mesh screen at
the bottom of the column were fixed while there was a sieve cover to prevent contamination
with particles (Claessens et al., 2013, p. 228).
2.4.3 Microplastics Separation
Wet Peroxide Oxidation (WPO) is a process used by NOAA where a mixture of dried solids,
Fe (II) sulphate solution and hydrogen peroxide is heated by a Bunsen burner, then the mixture
is added in a density separator to separate the microplastics (Masura et al., 2015, p. 9). NOAA
states that the principle of this process is that the solids conduct WPO in the presence of an Fe
(II) catalyst to consume natural organic matter and the density separator isolates the
microplastics through floating in the presence of NaCl (aq) (Masura et al., 2015, p. 9). Density
separation is a common way to separate microplastics with different specific densities.
Different dense solutions can be used in density separation, these solutions include sodium
polytungstate, zinc chloride, zinc bromide, sodium iodide and so forth (Masura et al., 2015, p.
9). The suitable solution can be selected according to the situation. Nakajima et al. (2019, p.
16) developed a small separation unit containing an upper glass plate and a lower glass that can
separate microplastics in a single step. A sample is placed into the lower container, the filtered
sodium chloride solution is added into this unit, and the mixture in the unit is stirred using a
magnetic stirring bar and left to settle overnight (Nakajima et al., 2019, p. 16). The two plates
are slid apart, and the sediments are transferred into the lower tube (Nakajima et al., 2019, p.
16). In many other literature, WPO and density separator are commonly used. These methods
do not require more reagents and complex equipment and are easy to operate in experiments.
Further, the second method does not use equipment that can be bought readily as the equipment
is invented by the authors themselves. In fact, the principle is very similar to the previous
method. Similar inventions are often found in other literatures. The equipment can improve the
experimental efficiency, but the early stage needs to use more time to design.
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2.4.4 Visual Identification
Microplastics are tiny, so they need to be identified after the separation process, ensuring the
sample does not contain other materials. Masura et al. (2015, p. 9) stated that microscope
identification is a good way to identify the microplastics. However, this method is not available
for a large number of samples, and the error rate is relatively high (Masura et al., 2015, p. 9).
According to Martin et al. (2015, p. 208), the identification of microplastics by their chemical
composition is a good way to distinguish microplastics. Moret et al. (2010, p. 1876) used the
specific densities of polymer to distinguish microplastics. They put a sample in distilled water
and added different solutions such as ethanol and strontium chloride, depending on the density
of the sample until the sample had neutral buoyancy (Moret et al., 2010, p. 1876). The sample
was identified by C: H: N analysis (Moret et al., 2010, p. 1876). Fries et al. (2013, p. 1951)
used pyrolysis-gaschromatography (GC) and mass spectrometry (MS) to identify microplastics.
The characteristics pyrograms through the pyrolysis of polymers could identify polymer type
during pyrolysis-GC/MS runs (Fries et al., 2013, p. 1951). This method is accurate, but the
drawback is that sample should be placed into the pyrolysis tube manually. In addition, this
method only can analyse one particle per run, so it is not available for large number of samples.
Many researchers used Raman spectroscopy to identify microplastics, that is simple and
accurate. Sample was irradiated with a monochromatic laser which range was between 500 and
800 nm (Cole et al., 2013, p. 6647). substance-specific Raman spectra could be detected (Cole
et al., 2013, p. 6647). Polymers have specific Raman spectra; thus, the type of polymer can be
identified within minutes. The advantage of this method is that a purification step should be
conducted before conducting Raman spectroscopy in order to prevent fluorescence (Cole et al.,
2013, p. 6647). Infrared (IR) spectroscopy is a method that is similar to Raman spectroscopy.
The molecular vibrations will happen when infrared radiation reacts with the sample (Frias et
al., 2010, p. 1989). Polymers have specific infrared spectra (Frias et al., 2010, p. 1989). Thus,
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this method can easily identify the type of microplastics. In addition, IR spectroscopy can
provide information on samples which molecular vibrations in Raman spectroscopy is inactive
(Frias et al., 2010, p. 1989). Spectral analysis is a very accurate method for distinguishing
microplastics, but the devices are expensive, so traditional microscopes examination is still
used in many tests.
2.4.5 Calculation of Microplastic Concentration
Liedermann et al. (2018, p. 420) measured microplastic concentration in the Austrian Danube
River. They used a three-layer net for multi-point sampling. Each layer had installed
mechanical flow meters and acoustic Doppler flow meters to measure the total discharge and
flow distribution (Liedermann et al., 2018, p. 420). They calculated microplastic concentration
using a formula (C i, j = M i, j / V i, j). C, M, V represented concentration, mass, and filtered
water volume, respectively; i and j represented each vertical profile and each net (Liedermann
et al., 2018, p. 420).
2.5 Results and Data Analysis from Previous Freshwater Microplastic Research
Stanton et al. (2019, p. 5) measured the microplastic concentrations in three different rivers in
the United Kingdom (UK). These rivers were River Trent, River Leen and River Soar,
respectively. They selected three sites (RT1, RT2, RT3) in River Trent, and three sites (RL1,
RL2, RL3) in River Leen, and four sites (RS1, RS2, RS3, RS4) in River Soar for sampling
(Stanton et al., 2019, p. 5). Across the 12 months sampling campaign, the results were shown
in the figure 2.2. Mean microplastic concentrations were almost four times greater downstream
of Stoke-on-Trent at RT3 (0.075±0.11 particles L-1) than upstream of it at RT2 (0.019±0.04
particles L-1) (Stanton et al., 2019, p. 5). The impact on the Nottingham urban area due to the
microplastic concentrations of the River Leen was less obvious (Stanton et al., 2019, p. 5).
Mean microplastic concentrations were comparable at RL2 (0.076±0.06 particles L-1) and RL3
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(0.083±0.10 particles L-1) (Stanton et al., 2019, p. 5). On the River Leen, the greatest increase
in microplastic concentration was observed between site RL1 and RL2. Human activity close
to RL2 is extensive, showing microplastics associated with human activity can enter the water
body (Stanton et al., 2019, p. 5). The results showed that the microplastic concentrations
between sites on the same river was not significantly different for the River Trent and the River
Soar. Wastewater Treatment Plants (WWTPs) discharged sewage at RS2 to RS4, but the results
showed that WWTPs effluent does not always dramatically increase the microplastics.
Microplastic concentrations were significantly different between sites on the River Leen.
Figure 2.3
Box and whisker plots of microplastic concentrations at each of the ten freshwater sites
sampled

Note. Box and whisker plots illustrating the median and range of microplastic concentrations at each of the ten
freshwater sites sampled. From "Freshwater microplastic concentrations vary through both space and time", by
Stanton et al. , 2019, Environmental Pollution, 263 (2020), p. 6
(https://doi.org/10.1016/j.envpol.2020.1144810269-7491/).

Tremblay et al. (2019, p. 5) stated that there is limited research on the quantity and situation of
microplastics in New Zealand, especially in the freshwater system. Dikareva et al. (2019, p.
296) stated that the microplastic concentrations in New Zealand can be comparable to what has
been found in freshwater systems worldwide, especially in the USA and Europe. They
measured the microplastic concentrations from water samples by Wet Peroxide Oxidation
(WPO) in many streams in Auckland area, such as Omaru Stream and Cascades Stream
(Dikareva et al., 2019, p. 295). They found that microplastics in the water column of these
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streams bracketed values found in the Chicago River, which the total mean concentration of
microplastics was 18 particles m-3 in 2019 (Dikareva et al., 2019, p. 295). In addition, Dikareva
et al. (2019, p. 296) analysed the total distribution of microplastic concentrations by shapes in
the water column across all the study sites in Auckland area (Figure 2.4); the width of the
shaded areas in the violin plot illustrate the proportion of data at this concentration, and the
outlines of the violin represent the probability density. Researchers have classified
microplastics into 4 to 7 different categories, including fibre, fibre bundle, fragment, bead,
pellet, film, and foam, based on the shape (Tremblay et al., 2019, p. 5). The shape division of
microplastics could help people to better understand the situation of microplastics in the water
systems.
Figure 2.4
The total distribution of microplastic
concentrations by shapes in the water
column across all the study sites in Auckland
Note. the total distribution of microplastic
concentrations by shapes in the water
column across all the study sites in
Auckland. From Microplastic pollution in
streams spanning an urbanisation gradient,
by Dikareva et al., 2019, retrieved from
https://reader.elsevier.com/reader/sd/pii/S02
69749119302222?token=D4FFE287CED07
5DF7F2648CEC74D72081A0F2082BE12A
E71C50A40818D9F2E54B75F9A9B4D82A
E88E1A243C1B4E9287C

In addition, Dikareva et al. (2019, p. 296) found that there is an obvious relationship between
residential land uses and microplastic abundance of streams in Auckland area (Figure 2.5).
Figure 2.5
Relationship between proportion of
catchment in residential land use and
medium sized (500e1000mm) microplastic
particles in the water column
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Note. Relationship between proportion of
catchment in residential land use
andmedium sized (500e1000mm)
microplastic particles in the water column.
From Microplastic pollution in streams
spanning an urbanisation gradient, by
Dikareva et al., 2019, retrieved from
https://reader.elsevier.com/reader/sd/pii/S02
69749119302222?token=D4FFE287CED07
5DF7F2648CEC74D72081A0F2082BE12A
E71C50A40818D9F2E54B75F9A9B4D82A
E88E1A243C1B4E9287C

Mora-Teddy & Matthaei (2019, p. 6) studied the concentrations of microplastics in 52 urban
streams in Auckland, Hamilton, Wellington, Christchurch, and Dunedin. They found
microplastics in every stream sit sample. The concentrations of microplastics in these samples
were between <1 and 44.8 particles/m3 (Table 2.1). Of these particles, the size classes were 43%
of 250-500 μm, 35% of 500-100 μm, and 22% 1000-5000 μm, respectively. The shapes of these
microplastic samples were polystyrene (51%), fibres (33%), fragments (15%), and beads (<1%)
(Figure 2.6).
Table 2.1
The 16 most polluted stream sites based on microplastic concentrations per m3

Note. The 16 most polluted stream sites based on microplastic concentrations per m3. From
Microplastic pollution in urban streams across New Zealand: concentrations, composition and
implications (p. 19), by Mora-Teddy & Matthaei, 2019, retrieved from
https://doi.org/10.1080/00288330.2019.1703015
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Figure 2.6

Microplastic distributions across all 52 study sites, expressed as the number of microplastic
particles per m3 of water, by size categories (a) and shape categories (b).

Note. Microplastic distributions across all 52 study sites, expressed as the number of microplastic
particles per m3 of water, by size categories (a) and shape categories (b). From Microplastic pollution
in urban streams across New Zealand: concentrations, composition and implications, by Mora-Teddy
& Matthaei, 2019, retrieved from https://doi.org/10.1080/00288330.2019.1703015
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2.6 Conclusion
The plastic industry has developed gradually in the past hundred years. People have found
many advantages of plastic and products of this material have gradually infiltrated into every
aspect of human life. These plastics break down into small particles in the environment and
enter the natural environment through different channels. People are recently finding that these
tiny plastic particles may have potential effects to the environment and human health, so
researchers have begun to increase efforts to study microplastics.
The process for microplastic sampling is almost the same, but there are different methods in
the process. Many researchers have also invented devices suitable for their own situations to
carry out experiments and have obtained good results. However, the most popular methods are
still the simpler methods, such as using a plankton net, WPO and density separation. Although
spectral analysis is still the most accurate method for the stage of microplastics identification,
this technology is very expensive and not as accessible. Long-term and multi-point monitoring
is also important for obtaining useful data and decision making. There are not standard
operation protocols for measurements of microplastic concentration. Therefore, there are still
many discrepancies between methodologies and data analysis, which makes it difficult to
monitor microplastics long-term and across different geographical regions.
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3. Chapter 3: Methodology
There is no standardised method used to measure microplastic concentrations. Relevant
literature shows that the various methods exist in order to measure microplastic concentrations
and different methods are used by many worldwide researchers (Section 2.4). Thus, two factors
need to be considered before sampling and experiment: 1. The selection of suitable methods;
2. The selection of suitable sites.
1. The selection of suitable methods:
In this research, the traditional methods and simper, such as sampling with a plankton net, Wet
Peroxide Oxidation (WPO) and microscope examination, were used to measure the
microplastic concentrations in the Otepuni River and the Waihopai River.
Figure 3.1
Flowchart for measuring microplastic concentrations in the Otepuni River and the Waihopai River
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The selection of the plankton nets with different mesh sizes (between 80 µm and 800 µm)
depends on the research objectives (Masura et al., 2015, p. 6). The size of microplastics is
between 0.3 mm and 5 mm (NOAA & U. S. Department of Commerce, n.d.), thus, a plankton
net with the mesh size of 234 μm is suitable for this microplastic research and was chosen as it
was readily available in the SIT Environmental Management department. For other researchers
and citizen scientists, it is noted that a plankton net can also be easily made from recycled
household materials (wire and pantyhose). The methods of wet sieve, Wet Peroxide Oxidation
(WPO) and density separation commonly used by National Oceanic and Atmospheric
Administration (NOAA) were selected for this study because of their authority and the budget
limitations of the researcher. In addition, these methods are applicable for many common
plastics and is an inexpensive and environment-friendly approach (Masura et al., 2015, p. 6).
The microplastics are air-dried on a clean 0.3 mm sieve or a filter paper, then are examined
using a digital microscope to exclude any natural material that may be mistaken for plastics.
For example, some natural materials including pine needles and salt crystals are prone to being
mistaken. This process is called visual identification or microscope examination (Masura et al.,
2015, p. 9). In general, particles that can be powdered or broken when handled with forceps
are not plastic and the particles that maintain their shape during this process are microplastics
(Masura et al., 2015, p. 10). The USB digital microscope used for this study was inexpensive
and could detect particles ranging from 5 mm to 0.3 mm (the size range of microplastics), thus
making it suitable for this research.
2. The selection of suitable sites:
The amount of microplastics is not just related to nearby point source or population density
(Stanton et al., 2019, p. 5). The distribution of microplastics is also affected by their properties,
such as shape and size; and environmental factors, such as tides, wind, rainfall, (Browne et al.,

34

2007, p.560). These factors must be considered when selecting the sampling sites. For example,
the sites at the lower reaches of the Otepuni River and the Waihopai River are prone to be
affected by tides, because they are connected to New River Estuary, so the sites in these areas
should avoid being selected (MetService, n.d.). Rainfall increases runoff and flow velocity, so
the weather conditions should be noted and labelled to avoid data bias (Rochman, 2018, p. 28).
Flow velocity is different in different parts of a river because of terrain factors, such as the
slope that the river moves along and friction caused by the riverbed, hence water samples
should be collected at the sites where the flow velocity is measured (Joseph et al., 2018, p. 15). According to Environment Southland (2009), the Waihopai River and the Otepuni River
are the inner-city waterways with storm water drain, and cover most of the township in
Invercargill, and connect to New Estuary, so these two rivers are very representative.
3.1 Equipment
3.1.1 Sampling Phase
•

GPS

•

Camera

•

Orange

•

Sample jars

•

First-aid kit

•

Pen and paper

•

Stopwatch

•

Clean water

•

Plankton net with the mesh size of 234 μm

•

Measuring tape of 10 m

•

Hi-visibility vest
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3.1.2 Experiment Phase
Figure 3.2

1. 0.3 mm Sieve

Equipment and reagents

2. 5 mm Sieve
3. Spatula
4. Tweezer
5. Filter papers with a diameter of 15 cm
6. Flask (2)
7. 200 mL Beakers (5)
8. Drying oven
9. Aluminium foil
10. Bunsen burner
11. Matches
12. Wire gauze
13. Glass funnels (4)
14. Hydrogen peroxide 30%
15. FeSO4.7H2O
16. Measuring glasses
17. Iron stand with an iron ring
18. Distilled water
19. Wash bottle
20. Safety glasses
21. Sodium chloride
22. Stir bar
23. Concentrated sulphuric acid
24. Thermometer
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25. Tripod
26. 10cm of tubing (2)
27. Watchglass
28. Digital microscope
29. Sample bags
30. Laboratory balance
31. Plastic clip (2)
32. Reagent bottle
33. Gloves

3.2 Flow Measurement (The Float Method)
•

A distance of 10 metres (m) on the riverbank was measured. Two observers stood at the
beginning and the end of this distance, respectively.

•

An orange was thrown into the river by the observer stood on the upstream of the river,
while starting the timer. The orange was captured by another observer, recording the time
immediately. This step was repeated three times. The average time was given by equation
(1):
Time A + Time B + Time C
Average time (s) =

(1)
3

•

The surface velocity of the river at the sampling site was calculated via equation (2):

Distance (10 m)
(2)

Surface velocity (m/s) =
Average time (s)
•

Steps 1- 3 above were repeated at the second site.
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3.3 Water Sample
1. A plankton net was placed in the upper water column of the river (surface water), ensuring
the net was completely submerged, and the net opening was in the opposite direction of the
water flow (Figure 3.3).

Figure 3.3
Collection of water sample using
a plankton net

2. The plankton net was held in a stationary position, ensuring the water flowed through it for
30 minutes. The net was kept as steady as possible (directly under the surface of the river,
with whole net opening submerged), however, the accuracy of filtered water volume may
still be affected by resistance produced by the net moving around.
3. The net was removed from the river after 30 minutes, ensuring the collected sample did not
spill over the net opening.
4. The sample in the net was transferred into a clean sample jar, and the mesh was rinsed with
clean water, ensuring all residue was transferred into the sample jar (If one jar was not
enough, the extra sample water could be put into other jars).
5. The information such as location was written on a blank sample label, then the label was
attached to the jar.
6. The radius or diameter of the plankton net opening was measured, then the area of the net
opening was calculated by equation (3):
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Area =

πr2

(3)

Where:
Area = the area of the plankton net opening (m2)
π = 3.14
r = radius of the plankton net opening (m)
7. Filtered water volume was calculated (Ronge, 2016; EPA, n.d.). The value was given by
equation (4):
Filtered water volume (m3) = Time (s) x Area of net opening (m2) x Surface velocity
(m/s) x Correction factor

(4)

Where:
Time (the time of the plankton net put into the water) = 1800 seconds.
Correction factor = 0.85 (The correction factors are 0.8 for rocky riverbeds, 0.9 for sandy
riverbeds and 0.85 for mixed or unsure riverbeds, respectively)
8. Steps 1 - 7 above were repeated at the second site.
3.4 Wet Sieve
1. The collected samples were filtered through a stacked arrangement of 5 mm and 0.3 mm
sieves in the SIT lab (Figure 3.4). The samples were rinsed with distilled water to transfer
all residual solids to the sieves.

Figure 3.4
Sieving and rinsing field samples
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2. Materials retained on the 5 mm sieve were discarded.
3. The solids in the 0.3 mm sieve were transferred into a 200mL clean and dry beaker using a
spatula and were minimally rinsed with a squirt bottle containing distilled water, ensuring
all solids were transferred into the beaker.
4. The river name was written on the beaker.
5. The beaker was covered with aluminium foil and placed in a drying oven at 90° C for 2
hours or longer until sample dried out (Figure 3.5).

Figure 3.5
Sieved samples were dried
in a drying oven

6. Steps 1 - 4 above were repeated for the sample from the second river.
3.5 Wet Peroxide Oxidation (WPO)
CAUTION: This process is highly reactive.
1. 7.5g of FeSO4.7H2O (= 278.02 g/mol) were added in 500 mL distilled water and 3 mL of
concentrated sulfuric acid to make Fe (II) sulphate solution (0.05 M). The solution could
be stored in a clean reagent bottle for future use.
Caution: Put the distilled water first, then put the concentrated sulfuric acid, otherwise the
reaction will be very strong.
2. 20mL of aqueous 0.05 M Fe (II) sulphate solution was added to the beaker containing the
dried solids.
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3. 20 mL of 30% hydrogen peroxide was added to the solution. The mixture was left at room
temperature for five minutes, ensuring the solution has enough time to react with 30%
hydrogen peroxide.
4. A thermometer and a stir bar were put into the beaker, and the beaker was covered with a
watchglass.
5. The wire gauze was placed on a tripod, and the Bunsen burner was lit by a match and placed
under the tripod. The beaker was placed on the wire gauze (Figure 3.6).

Figure 3.6
A beaker with WPO solution being heated
by a Bunsen burner

6. The used match was put into a clean beaker.
7. The beaker was heated to 75°C by a Bunsen burner. In this process, as soon as bubbles
were observed on the surface, the Bunsen burner was removed until boiling subside (if the
reaction appeared to have the potential to overflow the beaker, distilled water was added to
slow the reaction using a wash bottle) (Figure 3.7).

Figure 3.7
Addition of 30% hydrogen peroxide
oxidises organic matter
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8. When the beaker was heated to 75°C, the Bunsen burner was removed until the reaction in
the beaker was slowed down, then the beaker was reheated to 75°C again. This process was
repeated until the solution in the beaker barely reacted at 75°C.
9. If natural organic material was visible, 20 mL of 30% hydrogen peroxide was added again,
then the beaker was heated to 75°C. This step was repeated until natural organic material
was invisible.
10. 4g of sodium chloride were added into per 20 mL of the total volume of sample.
11. The mixture was then heated to 75°C until the salt dissolved.
12. Steps 3 - 11 above were repeated for the sample from the second river.
3.6 Density Separation
1. A tubing and the output of a glass funnel was rinsed by clean water, then the output and the
tubing were connected. The tubing was clamped by a plastic clip, preventing the solution
in the funnel to flow out. This equipment was called a density separator.
2. The glass funnel with tubing was fixed in a metal ring of an iron stand, and a 200 mL beaker
was placed under the density separator, that could capture the unexpected outflow of the
solution in the glass funnel.
3. The WPO solution made in step 3.5 was transferred into the density separator.
4. The beaker containing WPO solution was rinsed with distilled water, ensuring all remaining
solids were transferred into the density separator.
5. The opening of the density separator was covered loosely with aluminium foil (Figure 3.8).

Figure 3.8
A density separator with the cover of aluminium foil
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6. Solids in the density separator were settled overnight.
7. The river name was written on the density separator.
8. Steps 1 - 7 above were repeated for the sample of the second river.
Plan A: If the microplastics were large enough and easy to identify and transfer.
9. Floating microplastics were collected in a clean sample bag and archived.
10. The settled solids were inspected visually for any microplastics. If any microplastics were
present, the microplastics were removed by tweezer and archived.
11. The settled solids were drained from the separator to a clean 0.3 mm sieve.
12. The density separator was rinsed several times with distilled water, ensuring all solids were
transferred into the 0.3 mm sieve.
13. The 0.3 mm sieve was air-dried while loosely covered with aluminium foil for 24 hours.
14. Microplastics were identified in the dried settled solids and were transferred in the sample
bag.
15. Steps 9 - 13 above were repeated for the sample from the second river.
Plan B: If the microplastics in the solution were few and tiny, the microplastics are difficult to
identify.
9. Floating microplastics were collected in a clean sample bag and archived.
10. A filter paper folded into triangle was put into a clean funnel.
11. The funnel was put into a flask.
12. The solution was drained from the separator to the funnel (Figure 3.9).
13. All settled solids were collected on the filter paper after all the liquid flowed into the flask,
then the microplastics were identified and transferred into the sample bag.
14. Steps 9 - 13 above were repeated for the sample of the second river.
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Figure 3.9
Filtering solution with glass
funnels

3.7 Visual Examination
1. The microplastics in the sample bag were further identified using a digital microscope
(Figure 3.10).

Figure 3.10
Identifying microplastics using a
digital microscope

2. The identified microplastics were counted, then were put back in the sample bag (Figure
3.11).

Figure 3.11
Microplastics in the sample bags
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3. Other materials were discarded.
4. Steps 1 - 3 above were repeated for the sample of another river.
3.8 Calculation
Microplastic concentrations were given by equation (5):

Amount of microplastics
Microplastic concentrations (particles m-3) =

(5)
Filtered water volume

3.9 Data Analysis
Two tables were created. These tables clearly marked date, flow velocity, amount of
microplastics, and microplastic concentrations at each sampling site.
A line chart was created, which visualised microplastic numbers at the two sites over a twomonth sampling period, making the data easier to compare.
A line chart was created showing microplastic concentrations at the two sites over the twomonth sampling period to make the changes in microplastic concentration more obvious, while
comparing the concentrations of the two rivers.
Two tables were created: one showing the microplastic particles of different shapes at the two
sampling sites for comparison, and the other showing the microplastic particles of different
colours at the two sampling sites for comparison.
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4. Chapter 4: Results
The sampling and experiment lasted for two months from 25 June 2020 to 12 August 2020,
with sampling taking place weekly for the Waihopai River and the Otepuni River. There were
eight samples in the Waihopai River and eight samples in the Otepuni River. Many
microplastics were separated from almost each water sample. The samples were used to
calculate the number of microplastics per cubic metre in the two rivers. Microplastic samples
were classified in different colours and shapes to infer their origin.
4.1 Concentrations of Microplastics in the Waihopai River and the Otepuni River
Table 4.1 shows the sample numbers, data, surface velocity, filtered water volume, amount of
microplastics and the concentrations of microplastics. The first experiment for two samples of
both the Waihopai River and the Otepuni River was conducted on 26 June; the experimental
results may have some bias due to lack of experience. The highest amount of microplastics
found in a sample from the Waihopai River was 62 (9 July), but the concentration of
microplastics was not the highest. The highest concentration of microplastics was 2.51 particles
m -3 on 2 July, but the amount of microplastics was merely nine in the Waihopai River (Table
4.1). The highest amount being from Otepuni River, where there were 231 microplastics, with
the concentration of microplastics reaching 3.87 particles m -3 (Table 4.1). In the Otepuni River,
the amount of microplastics was just 24 on 22 July, but the concentration of microplastics
reached 3.15 particles m -3. In addition, there was a lot of silt in sample three (9 July), sample
six (28 July) and sample eight (12 August) of both rivers.
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Table 4.1

Date
0.33 m/s
0.03 m/s
0.64 m/s
0.36 m/s
0.09 m/s
0.58 m/s
0.36 m/s
0.59 m/s

0.26 m/s
0.16 m/s
0.47 m/s
0.43 m/s
0.06 m/s
0.48 m/s
0.28 m/s
0.53 m/s

39.44 m3
3.59 m3
3
76.49 m
3
43.03 m
10.76 m3
69.32 m3
45.72 m3
70.52 m3

33.01 m3
20.32 m3
3
59.69 m
3
54.61 m
7.62 m3
60.96 m3
35.56 m3
67.30 m3

0
9
62
13
8
16
11
30

6
21
231
52
24
86
44
141

o

0
2.51 particles m -3
-3
0.81 particales m
-3
0.3 particles m
0.74 particles m-3
0.23 particles m-3
0.24 particles m-3
0.43 particles m-3

0.18 particles m -3
1.03 particles m -3
-3
3.87 particles m
-3
0.95 particles m
3.15 particles m-3
1.41 particles m-3
1.24 particles m-3
2.10 particles m-3

0
0.00251 particles L-1
-1
0.00081 particles L
-1
0.0003 particles L
0.00074 particles L-1
0.00023 particles L-1
0.00024 particles L-1
0.00043 particles L-1

0.00018 particles L-1
0.00103 particles L-1
-1
0.00387 particles L
-1
0.00095 particles L
0.00315 particles L-1
0.00141 particles L-1
0.00124 particles L-1
0.0021 particles L-1

Surface Velocity Filtered Water Volume Amount of Microplasitcs Concentrations of Microplastics (particles m -3) Concentrations of Microplastics (particles L -1)

o

Otepuni River (Site: S 46 24.828' E 168 20.919')
o

Surface Velocity Filtered Water Volume Amount of Microplasitcs Concentrations of Microplastics (particles m -3) Concentrations of Microplastics (particles L -1)

o

Waihopai River (Site: S 46 23.381' E 168 20.910')

Table showing sample number, date, surface velocity, amount of microplastics and concentrations of microplastics in the Waihopai River and the Otepuni River

Sample

Date

25/06/2020
2/07/2020
9/07/2020
15/07/2020
22/07/2020
28/07/2020
5/08/2020
12/08/2020

Sample
25/06/2020
2/07/2020
9/07/2020
15/07/2020
22/07/2020
28/07/2020
5/08/2020
12/08/2020

1
2
3
4
5
6
7
8

1
2
3
4
5
6
7
8
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Figure 4.1 showed that the quantities of microplastics in the Otepuni River were more than in
the Waihopai River, however the trends of the two rivers over time were very similar. It can be
seen that the Otepuni River had more quantities of microplastics; there were also more
quantities of microplastics in the Waihopai River, and vice versa.
Figure 4.1
Comparison of quantities of eight microplastic samples from the Waihopai River and the Otepuni
River

Figure 4.2 showed that the concentration of microplastics in the Otepuni River was generally
higher than that in the Waihopai River, except the sample on 2 July 2020.
Figure 4.2
Comparison of microplastic concentrations of eight microplastic samples from the Waihopai River
and the Otepuni River
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Table 4.2 showed that the average microplastic concentration was 0.75 particles m-3 or 0.00075
particles L-1 in the Waihopai River, and the average microplastic concentration was 1.74
particles m-3 or 0.00174 particles L-1 in the Otepuni River. The average microplastic
concentration in the Otepuni River was higher than that in the Waihopai River.
Table 4.2
Average microplastic concentrations of eight microplastic samples from the Waihopai River and the
Otepuni River
Waihopai River
Average Microplastic Concentrations

Particles m

-3

Otepuni River
-1

Particles L

0.75

Particles m

0.00075

-3

1.74

4.2 Microplastics of the 16 Samples in Different Shapes and Colours
The microplastics were categorised based on common shapes (Figure 4.3).
Figure 4.3
Examples of microplastics: Foam (A), Film (B), Fragment (C), Fibre (D)
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-1

Particles L
0.00174

Table 4.3 showed that fragments were the most common microplastics, followed by fibres in
the two rivers.
Table 4.3
Identified microplastics in different shapes in the Waihopai River and the Otepuni River
Waihopai River

25/06/2020
2/07/2020
9/07/2020
15/07/2020
22/07/2020
28/07/2020
5/08/2020
12/08/2020
Total

Foam
0
0
2
0
0
2
0
1
5

Film
0
0
2
0
0
1
0
0
3

Fragment
0
8
57
12
8
12
11
25
133

Fibre
0
1
1
1
0
1
0
4
8

Fragment
6
20
219
46
23
78
32
127
551

Fibre
0
1
5
3
1
5
9
7
31

Otepuni River

25/06/2020
2/07/2020
9/07/2020
15/07/2020
22/07/2020
28/07/2020
5/08/2020
12/08/2020
Total

Foam
0
0
3
1
0
1
0
4
9

Film
0
0
4
2
0
2
3
3
14

Figure 4.4 showed that the number of fragments in the microplastic samples of the two rivers was
much higher than the number of other shapes.
Figure 4.4
Bar chart of identified microplastics in different shapes in the Waihopai River and the Otepuni River

50

Table 4.4 showed that white microplastics dominated, followed by blue and transparent
microplastics in the Waihopai River and the Otepuni River, but other colours of microplastics
were often found in the Otepuni River.
Table 4.4
Identified microplastics in different colours in the Waihopai River and the Otepuni River
Waihopai River

25/06/2020
2/07/2020
9/07/2020
15/07/2020
22/07/2020
28/07/2020
5/08/2020
12/08/2020
Total

White
0
5
25
5
3
8
3
11
60

Blue
0
2
15
4
1
4
3
9
38

Red
0
0
3
0
0
0
0
1
4

Yellow
0
0
0
0
0
0
0
0
0

Black
0
2
4
0
0
0
0
3
9

Green
0
0
1
0
0
0
0
1
2

Transparent
0
0
14
4
4
4
5
5
36

Yellow
0
0
2
0
0
2
0
3
7

Black
0
4
12
3
2
5
5
9
40

Green
0
0
7
2
0
4
8
5
26

Transparent
0
0
59
14
8
24
16
30
151

Otepuni River

25/06/2020
2/07/2020
9/07/2020
15/07/2020
22/07/2020
28/07/2020
5/08/2020
12/08/2020
Total

White
3
10
102
19
9
31
11
61
246

Blue
3
3
37
11
4
14
3
24
99

Red
0
4
12
3
1
6
1
9
36
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5. Chapter 5: Discussion
The results from the 16 samples have confirmed that there were different degrees of
microplastic pollution in the Waihopai River and the Otepuni River in Invercargill. These
microplastics will not only affect the ecological environment of the two rivers, but also flow
into the New River Estuary and ocean; therefore, the sources of these microplastics should be
further investigated.
5.1 Factors Affecting Concentration of Microplastics in the Otepuni River and the
Waihopai River
Some factors, such as wind and rain, could strongly affect the river velocity. As can be seen
from the results, when the river velocity was fast, the filtered water volume through the
plankton net increased, but river velocity did not affect the concentrations of microplastics
obviously. For example, the river velocity of the Waihopai River was merely 0.03 m/s on 2
July 2020, and the concentration of microplastics was 2.51 particles m-3. The river velocity of
the Waihopai River was 0.64 m/s on 9 July 2020, but the concentration of microplastics was
0.81 particles m-3. In the Otepuni River, the river velocity was 0.53 m/s, but the concentrations
of microplastics was 2.1 particles m-3 on 12 August 2020. However, the river velocity was 0.06
m/s, and the concentration of microplastics was 3.15 particles m-3 on 22 July 2020. Therefore,
there is no direct relationship between flow velocity and concentrations of microplastics. The
ratio of the amount of microplastics to the filtered water volume through the net, is the vital
factor to affect the concentrations of microplastics. There are more microplastics in per unit
volume, then the concentration of microplastics is high, and vice versa. Thus, the most
important factors affecting the concentrations of microplastics may be stormwater runoff and
wastewater discharge (Rochman, 2018, p. 28). Based on field observation, rainfall and turbidity
may also be an influencing factor.
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5.1.1 Stormwater Runoff
The Invercargill City Council’s Drainage Division has two essential services that are
wastewater (including sewage) and stormwater (Invercargill City Council, n.d.). The Drainage
Division has more than 300km of sewerage pipes, 4,000km of stormwater pipes in the city area
and treatment plants in Bluff, Omaui and Clifton (Invercargill City Council, n.d.).
The Waihopai River has many stormwater outlets scattered at various points along the
riverbanks (Figure 5.1). The green line in Figure 5.1 represents the stormwater pipes, and red
line represents sewer pipes (Linz Data Service, n.d.). Figure 5.2 shows the sewer and storm
pipe networks near the sampling site of the Waihopai River. A, B, C, D, E are the stormwater
outlets (Linz Data Service, n.d.). There is a stormwater outlet (A) next to the sampling point,
so the sampling point is easily affected by stormwater runoff (Figure 5.2 & Figure 5.3).
Figure 5.1
Sewer, storm pipe networks and the stormwater outlets along the Waihopai River

Note. Sewer, storm pipe networks and the stormwater outlets along the Waihopai River. From Sewer,
Storm, and Water Pipe Networks, by Linz Data Service, n.d., ArcGIS
(https://www.arcgis.com/home/webmap/viewer.html?webmap=f00f264726c944889564f51dc6aedc1f)
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Figure 5.2
Sewer, storm pipe networks and the stormwater outlets near the sampling site of the Waihopai River

Note. Sewer, storm pipe networks and the stormwater outlets near the sampling site of the Waihopai
River. From Sewer, Storm, and Water Pipe Networks, by Linz Data Service, n.d., ArcGIS
(https://www.arcgis.com/home/webmap/viewer.html?webmap=f00f264726c944889564f51dc6aedc1f)

Figure 5.3
Sampling site and adjacent stormwater outlet in the Waihopai River
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The Otepuni River also has many stormwater outlets scattered at various points along the
riverbanks (Linz Data Service, n.d.). Figure 5.4 shows the sewer and storm pipe networks near
the sampling site of the Otepuni River. The green line in Figure 5.4 represents the stormwater
pipes, and red line represents sewer pipes. There is a stormwater outlet on the upstream
riverbank of the sampling point, hence the sampling point is easily affected by stormwater
runoff.
Figure 5.4
Sewer, storm pipe networks and the stormwater outlets near the sampling site of the Otepuni River

Note. Sewer, storm pipe networks and the stormwater outlets near the sampling site of the Otepuni
River. From Sewer, Storm, and Water Pipe Networks, by Linz Data Service, n.d., ArcGIS
(https://www.arcgis.com/home/webmap/viewer.html?webmap=f00f264726c944889564f51dc6aed
c1f)

5.1.2 Rainfall and Water Turbidity
On June 25, 2020, the water of the Waihopai River and the Otepuni River appeared clearer,
possibly because there was no rain during the last few days in Invercargill. Incidentally, there
were few microplastics separated from the water samples. Two days before the 2 July sampling
day, heavy rainfalls increased water levels of the Otepuni River and the Waihopai River and
turbidity appeared to be higher. There was a lot of mud in the rivers and in the water samples,
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and more microplastics were separated from the water samples on that day than from the
previous sampling. On July 9th, it rained continuously for more than a week. The river turbidity
appeared higher and there was a lot of mud in the sample. A lot of microplastics were separated
from the water samples. There was no rain a few days before July 15; the river water had a
higher clarity and the amount of microplastics was not as much as that of the last sampling. It
began to rain on July 21, and samples were taken on July 22, but the amount of microplastics
decreased significantly. A few days before July 28, it began to rain again. There was a lot of
mud in the river water and water samples, and the amount of microplastic increased
dramatically. In the week before sampling on August 5, there was almost no rain, the weather
was warm, and the amount of microplastics separated from the samples decreased significantly.
In the few days before August 12, it began to rain heavily. There was a lot of mud in the water
samples and the amount of microplastics separated from water samples increased dramatically
again.
The weather conditions, specifically incidence and duration of rainfall, appear to factor in with
stormwater runoff to affect the concentrations of microplastics in the Waihopai River and the
Otepuni River. It appears that the longer the duration of rain, the more microplastics found in
rivers. In addition, the Otepuni River flows across several blocks in the south of Invercargill
City, whereas the Waihopai River usually flows through the less populated areas. Urban and
road stormwater runoff is an important pathway for passing microplastics from land to the
waterway; hence the amount of microplastics in the Otepuni River was generally higher than
that in the Waihopai River (Kole et al., 2017, p. 2).
5.1.3 Wastewater Discharge
In Invercargill’s sewerage network, sewage is drained from the town for treatment in septic
tanks and discharged to the New River Estuary from Janet Street (Invercargill City Council,
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n.d., p. 2). Figure 5.5 shows the sewer outlet from the Clifton Wastewater Treatment Plant. The
sewage is discharged to the New River Estuary; hence the sewage is not discharged into the
Waihopai River and the Otepuni River. Sewage discharge has no direct impact on the
concentration of microplastics in the two rivers. Due to the geographical locations, it is
impossible for the sewage from the Bluff Wastewater Treatment Plant and the Omaui
Wastewater Treatment Plant to discharge into the Otepuni River and the Waihopai River
(Invercargill City Council, n.d., p. 1). Although this was not a factor in this research, it is an
important consideration for sites that may receive microplastics from wastewater discharge
sources.
Figure 5.5
Wastewater discharging into the New River Estuary

Note. Wastewater discharging into the New River Estuary. From Sewer, Storm, and Water Pipe
Networks, by Linz Data Service, n.d., ArcGIS
(https://www.arcgis.com/home/webmap/viewer.html?webmap=f00f264726c944889564f51dc6aedc1f)
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5.2 Source Analysis of Microplastic Samples from the Waihopai River and the Otepuni
River with Categorisation of Shapes and Colours
The results showed that the microplastics separated from the experiments were mainly divided
into fragments, fibres, foams, and films. These fibrous plastics might come from cloth, towels,
fishing nets, fishing ropes, and flowed into the rivers from residential areas and roads through
rainwater runoff. These fragments might come from decomposed plastic products, such as
bottles, worn tires, etc. The foams mainly came from foam products, such as styrofoam. Most
of the films came from plastic bags, packaging bags, foam wrap, etc. Because of the different
sources, the colours of the microplastics were expected to be different (Joint Group of Experts
on the Scientific Aspects of Marine Environmental Protection. 2015, p. 12). It is also important
to note that while white and transparent pieces were found to be the prevailing colours in this
study, this may be contributed to the original colour of the plastic degrading over time.
5.3 Comparison of Microplastic Concentrations in the Waihopai River and the Otepuni
River with Those in Other New Zealand’s Cities and Other Countries
As mentioned in the literature review, Stanton et al. (2019, p. 5) measured the microplastic
concentrations in the River Trent, the River Leen and the River Soar in the United Kingdom
(UK). The average concentrations of microplastics of the three sites of the River Trent were
0.019 ±0.07 particles L-1 (RT1), 0.019 ±0.04 particles L-1 (RT2), and 0.075 ±0.11 particles L-1
(RT3). In the River Leen, the average concentration of microplastics was 0.076 ±0.06 particles
L-1 in RL2, and RL3 was 0.083 ±0.10 particles L-1. However, the average concentration of
microplastics of the Otepuni River was 0.00174 particles L-1, and that of the Waihopai River
was 0.00075 particles L-1. Obviously, the concentrations of microplastics in the Otepuni River
and the Waihopai River in Invercargill were much lower than those in the River Trent, the
River Leen and the River Soar in the UK. Stanton et al. (2019, p. 5) also mentioned that RL2
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was affected by human activities, which led to the entry of microplastics into the water body.
It can be seen that the concentrations of microplastics were generally higher in areas with more
human activities. This may be the reason why the concentrations of microplastics in the
Otepuni River were higher than that in the Waihopai River, since the Otepuni River runs
through the central business area.
Dikareva et al. (2019, p. 296) measured the microplastic concentrations from water samples in
many streams in the Auckland area, such as Omaru Stream and Cascades Stream. They found
that microplastics in the water column of these streams bracketed values found in the Chicago
River, where the total mean concentration of microplastics was 18 particles m-3 in 2019
(Dikareva et al., 2019, p. 295). However, the average concentration of microplastics of the
Otepuni River was 1.74 particles m-3, and that of the Waihopai River was 0.75 particles m-3.
Based on this study, the concentrations of microplastics in the Otepuni River and the Waihopai
River in Invercargill, were much lower than those in many rivers in Auckland area, and in
Chicago River in the United States. Again, this may be attributed to the much lower population
density of Invercargill compared to the aforementioned cities. In addition, Dikareva et al. (2019,
p. 296) classified microplastics into 4 to 7 different categories, including fibre, fibre bundle,
fragment, bead, pellet, film, and foam, based on the shape, from the microplastic samples in
Auckland area. In this study, no bead or pellet shaped microplastics were found in the Otepuni
and the Waihopai Rivers in Invercargill.
The concentrations of microplastics found by Mora-Teddy & Matthaei (2019, p. 6) ranged from
<1 to 44.8 particles/m3 in Auckland, Hamilton, Wellington, Christchurch, and Dunedin. In the
16 most polluted stream sites in these cities, the lowest concentration of microplastics was 1.8
particles/m3 in the Porirua Stream (Wellington). The average concentration of microplastics
was 0.75 particles/m3 in the Waihopai River, and that in the Otepuni River was 1.74
particles/m3, hence the data was lower than that in the top 16 polluted stream sites with the
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most microplastic pollution among 52 samples. Therefore, the microplastic pollution of the
Otepuni River and the Waihopai River is relatively low, comparing with the result of MoraTeddy & Matthaei's report. In addition, the most prevailing shapes of microplastics in the 52
samples from Mora-Teddy & Matthaei's report was polystyrene, which account for 51%, and
other shapes included fibres (33%), fragments (15%), and beads (<1 %). The most common
shape in the Otepuni River and the Waihopai River was fragments, which account for 91% in
the Otepuni River and 89% in the Waihopai River, respectively. There was a small amount of
fibres and polystyrene foam in the two rivers, but no bead was found in the Otepuni and the
Waihopai Rivers in Invercargill.
5.4 Implications
After two months of sampling survey, results showed that the average concentrations of
microplastics in the Otepuni River and the Waihopai River were 1.74 particles m-3 and 0.75
particles m-3, respectively. These two rivers are a representative freshwater system in
Invercargill City, because they receive a large amount of stormwater runoff from the city, and
both the rivers are located in the city, that are prone to being affected by human activities. In
general, the microplastic pollution in Invercargill is much better than that in other New
Zealand’s cities and other countries, such as the USA and the UK, possibly owing to its small
size and population. However, people should still pay attention to the microplastic pollution in
Invercargill, especially given the New River Estuary is a highly productive ecosystem and
connects to the ocean. Microplastics have many impacts on the ecological environment, though
many scientists are still investigating these impacts. At this stage, they know that the two
biggest impacts are that microplastics can affect the food chain and can absorb contaminants
and toxic substances, such as persistent organic pollutants (POPs), on their surfaces (Matthias,
2012, p. 6453). Therefore, the monitoring of microplastics should be strengthened. These
microplastics were mainly derived from rainwater runoff, which was a carrier for the degraded
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plastic products used by humans. Reducing the use of plastic products at the source is the most
effective way to decrease microplastics.
This study has many limitations, especially equipment. For example, measuring rivers with
flow meters can get more accurate data, and analysing microplastic samples with analysers will
find microplastics with smaller particles that are difficult to identify by naked eyes. High-tech
analysers can also pinpoint the exact type of plastic material and chemical makeup. However,
the data from this study is still very useful, because the study found that microplastics do exist
in the inner-city waterways in Invercargill, and provided clues through type and colour as to
the source of these microplastics. This data forms a basis for further investigation using higher
resolution equipment.
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6. Chapter 6: Conclusions and Recommendations
Plastics are recalcitrant materials that can break down or degrade on exposure to the
environment, but the process is very slow in most environments (Andrady, 2015, p. 146). Thus,
fragmentation of the microplastics already present would continue for years to come. In
addition, the production and consumption of plastics will continue to increase unless
governments and individuals act now. Even given efforts to reduce plastic consumption,
looking to the future it seems inevitable that the amount of microplastics will increase in the
ecosystem from the breakdown of the vast amounts of existing plastic in current and historic
landfills. Microplastics can accumulate in the food chain; can absorb contaminants and toxic
substances on their surface; have social, cultural, and economic impacts. Therefore, we must
act now to reduce plastic pollution at the source and to increase efforts in quantifying and
monitoring microplastic pollution.
There is limited research on the quantity and situation of microplastics in New Zealand,
especially in the freshwater system. Currently, the microplastic research in New Zealand is
mainly in larger cities, such as the Auckland area. This study focuses on the concentrations and
sources of microplastics in Invercargill City; and therefore, fills a geographical gap in
microplastics research in New Zealand.
It is suggested that further research be conducted at different sites of main inner waterways in
Invercargill. For future research, turbidity and water clarity should be measured concurrently
with water sampling as this appeared to be a factor in the quantify of microplastics in a sample.
In addition, there is no wastewater discharge from the wastewater treatment plants in the
Otepuni River and the Waihopai River, it is strongly recommended that the microplastic
monitoring should be carried out near the sewer outlets of the wastewater treatment plants. In
particular, the sewer outlet of the Clifton Wastewater Treatment Plant is in the New River
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Estuary. Due to many limitations, this study cannot achieve long-term and multi-points
research. The data from long-term and multi-points monitoring are of great significance for the
designation of laws, regulations, and measures.
The Waste Minimisation Act of 2008 prohibits the sale and manufacture of rinse-off products
containing microbeads (primary microplastics) in New Zealand (Ministry for the Environment,
2018, June 7). This may have been a reason why no microbeads were found in the microplastic
samples of this study. Although it is true that small amount of microbeads has been found in
some streams of other New Zealand’s cities, which may be related to the microbead-related
products carried by tourists, international students from other countries. Starting from 2018,
many supermarkets in New Zealand began to stop supplying single-used bags. This measure
was also of great significance to reduce the secondary microplastics. Therefore, more similar
measures will help to reduce the microplastic pollution in the environment.
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Appendix A – Microplastic Samples in the Otepuni River and the Waihopai River

Figure 1

Figure 2

Blue microplastic found in the Waihopai River

Blue fragment found in the Otepuni River

Figure 3

Figure 4

Black film found in the Otepuni River

Blue microplastic found in the Otepuni River
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Figure 5

Figure 6

White foam found in the Otepuni River

Green fragment found in the Otepuni River

Figure 7

Figure 8

Yellow fragment found in the Otepuni River

Transparent fragment found in the Otepuni River

Figure 9

Figure 10

Transparent fragment found in the Waihopai River

Green fibres found in the Otepuni River
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Figure 11

Figure 12

Black fibre found in the Waihopai River

Microplastics found in the Otepuni River on 9
July 2020

Figure 13

Figure 14

Microplastics found in the Otepuni River on 5
August 2020

Microplastics found in the Otepuni River on
12 August 2020

Figure 15

Figure 16

Microplastics found in the Waihopai River on
12 August 2020

Microplastics found in the Otepuni River on
12 August 2020
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Appendix B – Risk Analysis and Safety Management System
No.
Issue
Date Issued
Review Date

Risk Analysis and Safety Management System (RASMS)

Form Four
20/06/2020
24/06/2020

Water sampling in the Otepuni River and the Waihipai River and separating the microplastics from water samples in the SIT lab
Activity:
SECTION A
RISK

Physical

“Significant refers to the potential for any harm that is not trivial and would warrant a response or intervention”
HAZARD OR
HARM
Slippery ground; chemical
reagent corrosion; strong
chemical reaction

POSSIBLE
OUTCOME
(PERIL)
Fall into the river;
corrode the skin

SIGNIFICANT

ACTION

Yes

Do not sample in rainy days; wear anti-slip shoes; wear Hi-visibility vests
during water sampling; during chemical experiments, wear goggles and
gloves throughout the whole process, and cover the watchglass when
heating WPO solution; follow the laboratory safety rule.

Minimise

Damage/loss of
equipment

Yes

Always hold the net with hands during sampling to
avoid slipping. Read the manual carefully before using
the equipment, such as GPS.
Always hold the net with hands during sampling to
avoid slipping.

Eliminate

DOES ACTION ELIMINATE,
ISOLATE OR MINIMISE RISK

Emotional

Social
Cultural

Financial

Environmental

Improper equipment
uses, and the plankton
net is not firmly fixed

The plankton net is not Fall into the river,
firmly fixed
polluting the waterway

Yes

Other
Should loss occur, what will you need to have in place to minimise the loss?

First aid kit

IMPORTANT This RASMS form is not complete unless attached to Section B
and signed off by Manager
Name:

Date of Review 24/06/2020

SIT – Health and Safety and Emergency Procedures Manual
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Eliminate
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