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1. INTRODUCTION

Waste plastics that have been used for a long time have 

been accumulated for decades without being decomposed, 

and a large amount of waste plastic is accumulated in a na-

tural environment or a landfill, causing harm to the natural 

environment.

In the 1970s, the first discovery of less than 5 mm of plastic 

in the stomachs of fish on the eastern coast of the United States 

and the coastal waters of the south-western coast of England, 

was not seen for 30 years. Since then, Dr. Thompson's paper 

has re-examined the risks associated with micro plastics. Plank-

ton, fish, and marine mammals are becoming a serious prob-

lem in the aquatic ecosystem as a food chain while eating 

micro plastic misidentified as food(Thompson et al., 2004). 

Because the risk of human body from plastic such as POPS 

has high adsorption in the body, it is known that micro plas-

tics such as POPS are wider than conventional plastics and are 

more present in seawater and tend to adsorb more in the 

body(Nuyken, 2013; Park & Lee, 2000).  
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Marine organisms and mammals that ingest micro plastics 

are known to be biologically affected by digestive system dis-

orders, physical injury, altered feeding behavior, decreased en-

ergy distribution, and poor growth and reproductive capacity.

“Later that year, Gerdts and his colleagues pulled 290 fish 

from the North and Baltic seas, including mackerel, flounder, 

herring, cod, and dab. They found that almost a fifth of the 

mackerel had plastic in their stomachs, compared to just 3.4 

percent of flounder, cod, and dab” (Michael, 2016).

In the end, marine pollution caused by plastics is not only 

destroying the aquatic ecosystem but also causing disasters 

to humankind, so research is now being carried out in many 

countries. However, the study of micro plastics in Korea is pro-

ceeding with the investigation of large and small-sized wastes 

in the coastal area and some research institutes are conduct-

ing researches on micro plastics. In particular, Korea consumes 

a lot of foods containing seafood and salt, so it is expected 

that people in Korea will take micro plastic through various 

routes. In China, a large amount of micro plastics was found 

in salt, and in each country, marine organisms were found to 

ingest most micro plastics (Ali, 2017; Maria, 2017). 

As suggested by the United Nations Environment Program 

(UNEP), increased contamination of micro-plastics in the oceans 

and coastal areas is likely to increase the likelihood of marine 

organisms ingesting micro-plastics and ultimately harming 

humans. However, current methods for the detection of micro 

plastics are highly uncertain, and there is no standardized 

method to date. The purpose of this study is to investigate 

the contamination level of micro plastics in Korean mackerel 

and to investigate the detection method of micro plastics in 

fish.        

2. THEORETICAL BACKGROUND

2.1. Definition of Micro Plastic

micro plastic began to be studied based on a study by Dr 

Thompson of England in 2004 that showed that the amount 

of micro plastic identified at the microscopic level is increas-

ing in the marine environment(Thompson et al., 2004). 

At present, much research has been carried out on the 

properties, types, properties and physical and chemical factors 

of micro plastics, but the definition of size has not been inter-

nationally agreed. 

The plastic that has been artificially processed from the be-

ginning and introduced into the ocean is called primary micro 

plastic. The primary micro-plastics are generally generated 

from industrial wastewater treatment, ships, micro-beads, cos-

metics, hygiene products, clothing, etc., and are more easily 

broken than large plastics found in marine or beach environ-

ments(Goldstein et al., 2013). Most plastics introduced into the 

ocean are not decomposed spontaneously. They are called 

secondary micro plastic, which is gradually broken down into 

small pieces due to weathering such as currents and winds 

(Ryan et al., 2008). 

Primary micro-plastics are manufactured artificially and 

have uniform properties. However, secondary micro-plastics 

do not have uniform properties because of the smaller envi-

ronmental impact of the plastic pieces.

In most countries, plastic less than 5 mm is classified as 

micro plastic. The marine strategy framework directive (WG- 

GES) and the "Maritime Waste Monitoring Guideline" in rela-

tion to the European Maritime Strategy Directive are large mi-

cro plastic (1 to 5 mm) and small micro plastic (20 to 1 mm) 

It is classified according to the size of the plastic. In addition, 

WGGES is currently offering a lower limit of 20 μm due to 

detection limits that can be reached with FT-IR equipment 

widely used in laboratories across Europe. In the National Ocea-

nic and Atmospheric Administration (NOAA), the US Marine 

Oceanic Atmospheric Administration (NSOA) defines it as less 

than 5 mm and the International Union for Pure and Applied 

Chemistry is set to be less than 0.1 μm of particulate (Julie 

et al., 2015).

2.2. World Plastic Output

Since 1989, the production of plastics has been growing 

faster than the production of metal materials. This is because 

the manufacturing process by plastic is easier than metal ma-

terials in terms of processability, physical and chemical pro-

perties, and is advantageous in terms of production and cost. 

As Fig. 1 has shown, it produced 150 million tons (million 

metric tons) in the 1950s. However, due to the improved pro-

ductivity of plastics, the cumulative world production of plas-

tics in 2009 increased to 25 billion tons and by 325 billion 

tons in 2015. Total cumulative production from 2014 to 2015 

increased by about 3.4%.

2.3. Status of Waste Plastics Processing in Korea

According to the Waste Management Act , the waste dis-

charge and disposal results from the provincial (watershed) 

EPA, city/province, or city/county are transferred to the local 
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Fig. 1. Global plastics production status (1950∼2015)
Source :  PEMRG(Plastics Europe Market Research Group), 

Consultic Marketing & Industrie Beratung GmbH.

EPA by the Waste Management Act. Plastics are classified ac-

cording to the standard industrial classification, and process-

ing methods are classified and processed as shown in Table 

1. The amount of waste from 2007 to 2015 was 169,332 tons, 

of which 439 tons (0.2%) were landfilled. In the case of waste 

synthetic polymer compounds, recycling or incineration was 

the most common method.

2.4. Plastic Decomposition in Marine Environment 

Plastics are synthetic organic polymers composed of long 

Table. 1 Status of waste polymer treatment method (2007∼ 
2015) (unit : ton/year)

Type Recycle Incineration Landfill Etc. Total

2007 13,605 12,573  64 1,886  28,128 

2008 18,275  9,226  11 102  27,614 

2009  3,507  8,999  82 92  12,680 

2010  3,162  7,561 158 842  11,723 

2011  7,361  8,295 108 5,256  21,020 

2012  9,632  8,409 - 952  18,993 

2013  6,061  8,077   9 616  14,763 

2014  6,950  9,591   7  19  16,567 

2015  8,354  9,490 - -  17,844 

Total 76,907 82,221 439 9,765 169,332

Source: National institute of environmental research, 2016 statis-
tical report.

chain molecules with high average molecular weight. The de-

composition process of plastics is a chemical change that re-

duces the average molecular weight by the polymer and is 

generally degraded by four categories. First, photo-degradable 

plastic such as photo-oxidation and ketone photodegradation 

by sunlight, oxidatively-degradable plastic by the influence of 

temperature, hydrolytically-degradable by hydrolysis, plastic, 

microbes, and bio-degradable plastic. Among them, plastics 

are efficiently decomposed by photooxidative decomposition 

under sunlight, but the decomposition of plastics in seawater 

is unique and it makes it difficult to biodegrade by ultraviolet 

rays while floating in seawater (Stevens and Gregory, 1996; 

Stevens, 1992). Plastics that are difficult to biodegrade not on-

ly threaten the marine ecosystem but also increase the micro 

plasticity due to weathering, which is known to have an im-

pact on marine environmental pollution and the upper stage 

of the food chain.

2.5. Contamination in the Marine Environment

Persistent organic pollutants (POPS) that prohibit produc-

tion or use globally are strong organic pollutants that are not 

properly photochemically, biologically and chemically decom-

posed in the environment and accumulate in the body of 

plants and animals through the food chain. POPS substances 

are persistent, bioaccumulative, long-distance mobility and 

toxicity. Until 2000, UNEP has selected 12 substances as POPS- 

regulated substances. In Korea, as shown in Table 2, according 

to the Law on Registration and Evaluation of Chemical Sub-

stances, 3 test items for physico-chemical test field, 3 test 

items for behavior evaluation such as degradability and envi-

ronmental distribution, and the test items consist of 8 test 

items in the hazard assessment field for human health.

Table 2. POPS regulated substances

Type Regulated substances

Organochlorine 
pesticide

Aldrin, Chlordane, DDT, 
Dieldrin, Endrin, Heptachlor, 

Mirex, Toxaphene

By-products of 
industrial processes

Dioxins, Furans, HCB 
(Hexachlorobenzene)

Industrial 
compound material

PCBs
(Polychlorinated Biphenyls)

Source: Act on the Registration and Evaluation of Chemical Sub-
stances.
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2.6. Research Trend of Micro-Plastic

25% of the fish caught in the west coast of the United 

States and 28% of the fish caught in the Indonesian waters 

contain micro plastics (Lusher et al., 2016; Rochman et al., 

2015; Lusher et al., 2013). micro plastics found in most fish 

species are mainly found in the digestive tract (Biginagwa et 

al., 2016).  micro plastics may be released with fecal material 

or remain in the digestive tract.(Lusher, 2015; GESAMP, 2016). 

Migration to organs to other tissues does not occur or moves 

very low for small micro plastics (<600 μm), and micro plastic 

ingestion occurs in relatively large numbers of fish consumed 

by humans in the Pacific, Atlantic and Indian Oceans and the 

Mediterranean are being observed. Although most fish are at 

very low risk from intestinal micro plastic ingestion, they are 

sometimes known to be ingested entirely, including digestive 

organs, in marine pelagic fish such as small sardines, an-

chovies and other small freshwater fish (Alves et al., 2016).

2.7. Detection of Micro-Plastics from Fish Species 

Studies on micro plastic ingestion are being conducted in 

the short term to study the presence of micro plastics in the 

digestive tract by direct catching of fish (Lusher, McHugh & 

Thompson, 2013). Table 3 summarizes the pretreatment me-

thods for micro plastics detection from fish species.

3. RESEARCH METHOD

3.1. Selection of Experimental Materials 

This experiment was divided into preliminary experiment

Table 3. Pretreatment method for detection

Chlorination Exposed time Fish species References

HNO3 (65%)
HClO4 (68%)

(4 : 1)

20 (12 hr)+
100 (10 min)

Blue
mussels

De Witte et al. 
(2014)

CH2O2 (3%) 72 hr Corals Hall et al. (2015)

KOH (10%) 14 21 day Fish Foekema et al. (2013)

H2O2 (30%) 60
Blue

mussels
Mathalon and Hill. 

(2014)

H2O2 (15%) 55 (3 day) Fish Avio et al. (2015b)

NaClO (3%)
NaClO/HNO3

(10 : 1)

20 (12 hr)
20 (5 min)

Fish Collard et al. (2015)

Proteinase K 50 (2 hr) Zooplankton Cole et al. (2014)

and this experiment. The preliminary experiment was carried 

out in August 2017 by purchasing wild and cultured mackerel 

located in Tongyeong city and transferring it to the laboratory 

in refrigerated condition. The experiment was carried out in 

November, 2017 by purchasing the wild mackerel from the 

general market located in Seongnam city. The reason why we 

could not buy the mackerel in this experiment is because it 

is cheaper than the mackerel in November when the most 

highly marketed mackerel with the highest commerciality is 

found, so we could not buy the mackerel in the distribution 

process. The average length and height of the mackerel were 

as shown in Table 4. The average length of the wild mackerel 

purchased from the first order was 32.9 cm and the height 

was 5.7 cm. The average length of the mackerel was 31.8 cm 

and the height was 6.6 cm respectively. The second pur-

chased wild mackerel was 33.6 cm, and the height was 5.95 

cm, confirming that the second purchased wild mackerel was 

larger.

3.2. Sample Size and Pretreatment Method 

After measuring the height and length of mackerel as Fig. 

3, each mackerel was separated from each other. The isolated 

viscera were decomposed with hydrogen peroxide (30 w/w%) 

for 6 hours and sealed to prevent foreign substances from 

entering. The stirring speed was 1,000 rpm.

3.3. Size Classification of Micro Plastic  

In order to classify the size of micro plastic, as the Fig. 6, 

the sizes were classified by using standard bodies (5.6 mm, 

4 mm, 2 mm, 1 mm, 500 μm, 300 μm, 26 μm). However, 

the standard of 26 μm was excluded because it was difficult 

to pass through water. Classification of plastics below 300 μm 

is considered to require size classification by other methods.

The existence of plastic was confirmed by visual inspection 

up to 5.6 1 mm, and under 500 μm microscope was used.  

As the Fig. 7, in order to confirm a plastic of 1 mm or less 

with a microscope, water removal was required. The filter used 

was a membrane filter (0.45 μm) manufactured by TOYO 

ROSHI Co., Ltd. The filter used for removing moisture was a 

floating filter (GF/C filter). Since the organic matter is not com-

pletely decomposed, it takes a long time to filter off the water 

due to the fact that the organic matter is not completely de-

composed from the standard body, and foreign matter ad-

heres to the glass bottle wall of the floating material removing 
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device, time-consuming disadvantages. Then, 30% hydrogen 

peroxide was stirred at 1,000 RPM for 30 minutes before put-

ting in the floating material removing device, and 10% surfac-

Table 4. Growth status of cultivated mackerel and wild 
mackerel

Biota Length (cm) Height (cm)

Primary
cultivation
mackerel

1 33.2 7.0

2 31.5 6.2

3 32.5 5.8

4 31.1 6.3

5 35.2 6.7

6 32.1 7.3

7 30.2 5.8

8 29.7 7.2

9 32.8 6.5

10 30.5 6.8

Average 31.8(29.7 35.2) 6.6(5.8 7.3)

Primary
natural

mackerel

1 34.0 6.4

2 31.8 5.5

3 33.0 5.4

4 36.1 5.4

5 34.0 6.0

6 31.2 5.2

7 31.1 5.6

8 32.4 6.2

9 33.6 6.1

10 32.6 5.7

Average 32.9 (31.1 36.1) 5.7 (5.2 6.4)

Secondary
natural

mackerel

1 34.2 6.7

2 33.1 6.1

3 32.5 5.7

4 34.2 6.2

5 32.1 5.3

6 33.5 5.1

7 32.4 5.5

8 35.4 7.1

9 33.8 6.2

10 35.2 5.6

Average 33.6 (32.1 35.4) 5.9 (5.1 7.1)

Length

Hight

Fig. 2. Length and height of mackerel.

Fig. 3. Separation of mackerel entrails.

Fig. 4. Initial
reaction.

Fig. 5. After 6 hours of 
initial reaction.

Fig. 6. The standards 
used in the experiment.

Fig. 7. Suspended solids attached
to surface of GF/C glass.
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tant and 90% solubilizer were added to the floating material 

removing device. The microscope used was a biomicroscope 

(× 10,×40,×100) from Nikon and confirmed at 40 magnifi-

cation.

3.4. Analysis of Plastic Qualities by FT-IR

Qualitative analysis of the constituents of the micro plastic 

was performed using an infrared spectrophotometer, FT-IR 

(Bruker Vertex 80v & Hyperion 2000). For the >500 μm sam-

ples, visual microscopic plastics were analyzed and <300 μ

m samples were analyzed for all particles visible as plastics. 

The Attenuated Total Reflectance (ATR) method used in the 

FT-IR analysis is a principle in which light is irradiated directly 

to the sample and light of a wavelength not absorbed by 

the sample is measured. This number is taken to mean that 

the functional groups except the interfering substances are 

in agreement. If the intensity of the peak in the spectrum 

is too small to distinguish and if the peak can not be de-

termined due to excessive interference, it is excluded from 

the plastic. Table 5 compares the reference infrared spectro-

scopic spectrum and the infrared spectroscopic spectrum of 

each component of the micro plastics used in the qualitative 

analysis.

Before the sample analysis, the FT-IR device was washed 

with methanol (purification >99.8%) to prevent the analysis 

error in the sample injection part. The gentle peaks of 3,000 

to 3,500 cm-1 appearing in the spectrum were judged to be 

disturbances by washing solvent and atmospheric water, and 

excluded from the qualitative analysis when the intensity of 

the peaks was small.

4. RESEARCH RESULTS

In the preliminary experiment, it was not possible to detect 

micro plastic in the mackerel and domestic mackerel. In the 

second experiment, micro plastic was found in one mackerel 

of domestic. At the time of the discovery, one was found at 

500 μm in the standard, and then one was found through 

the GF/C filter paper. As shown in Fig. 8, No. 1 micro plastic 

was found in the 500 μm standard and No. 2 micro plastic 

was found in the GF/C filter paper. Thereafter, microscopic 

examination revealed no further micro plastics.

The diameter of the micro plastic was 0.2 mm and the 

length was 4.1 mm and 3 mm, respectively. It was thought 

to be a fiber material when visually identified. After that, the 

components of the micro-plastics found by FT-IR were con-

firmed.

Table 5. Frequency and characteristics of plastics

Polymer Wave number(cm-1) Vibration mode

EPS

3,050 3,100

2,800, 2,900

1,750 2,000

1,500 1,600

=C-H stretch

C-H stretch

Mono Subst.

Aromatic C=C stretch

PE

2,916

2,848

1,472 and 716

C-H stretch

C-H stretch

C-H2 bend

PP
2,700 2,950

1,460, 1,375

C-H stretch

C-H3 bend

PVC

2,850, 2,920

1,460

600(n/d)

C-H stretch

C-H2 bend

C-Cl stretch

PVA

3,000 3,500

2,700, 2900

1,740, 1,360

1,200

O-H stretch

C-H stretch

C-H3 bend

C-O stretch

PVS

2,700, 2,900

1,460

1,210, 1,350

1,200

C-H stretch

C-H2 bend

S=O stretch

C-O stretch

PET

3,100

2,900

1,750

1,610

1,470

1,300

=C-H stretch

C-H stretch

C=O stretch

C=C stretch

C-H2 bend

C-O stretch

Fig. 8. Micro plastic discovery from mackerel No. 3.
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Fig. 9. Infrared absorption spectrum of micro plastic No. 1.

As a result of FT-IR measurement, infrared absorption spec-

tra of the micro plastics No. 1 and No. 2 showed a poly-

ethylene (PE) blend absorption band. In the PE absorption 

band, four strong absorption bands are found. The absorption 

band is found to be 2,916, 2,848 due to vibration by CH2 

stretch, 1,472 by CH2 bend and 716 of CH2 rock.

As shown in Table 6, the absorption plots of 2,915, 2,848, 

1,650, 1,469 and 716 were found in the case of No. 1 micro 

plastic. As shown in Table 7, the absorption plots of 2,914, 

2,847, 1,469 and 716 were found in the case of micro plastic 

No. 2.

Table 6. Infrared absorption spectrum of micropplastic No. 1

IR frequency (cm-1) Functional group

2,916, 2,848 CH2 stretch

1,650 Alkane

1,469 CH2 bend

716 CH2 rock

Fig. 10. Infrared absorption spectrum of micro plastic No. 2.

Table 7. No. 2 micro plastic absorption spectrum peak value

IR frequency(cm-1) Functional group

2,916, 2,848 CH2 stretch

1,469 CH2 bend

716 CH2 rock

5. CONCLUSION AND DISCUSSION

Micro-plastics are small in size, but they are known as harm-

ful substances that adsorb toxic substances at a high con-

centration. They act as a threat to marine environmental pol-

lution and marine ecosystem, and their interest and discussion 

are increasing day by day. Nevertheless, analytical methods 

that determine qualitatively and quantitatively micro plastic 

residues in seawater have not been standardized in Korea and 

abroad.

In this study, the methodologies for sample collection, size 

classification and coefficient analysis, and component analysis 

used in Korea and abroad were reviewed and major processes 

that can increase uncertainty were examined. The following 

conclusions were obtained.

The conclusions of this study are divided into practical im-

plications and academic implications.

First of all, the thing to note when cooking mackerel from 

the point of view of food is that there was a difference be-

tween body length and height in mackerel. In the preliminary 

experiment (first stage), micro plastic could not be detected 

from gastrointestinal tract. In the second experiment, two mi-

cro plastics were found in one experiment.

From an academic point of view, the process of analyzing 

contamination of mackerel and the contamination process of 

food chain are as follows.

First, 30% hydrogen peroxide was used as a micro plastic 

detection method, and the sample was visually observed us-

ing a standard. In order to detect micro-plastics from a stan-

dard less than 1 mm, GF/C filter paper should be used. In or-

der to remove unclearness by attaching foreign substances 

such as bone powder and organic materials to the glass wall, 

30% hydrogen peroxide and a surfactant were added, stirred, 

and classified by GF/C filter paper, and then visually observed 

through a microscope. It was also considered important to 

keep the cleanliness of the laboratory clean and to prevent 

the unintended consequences of inflow of micro plastic from 

the outside during the experiment. This was thought to re-
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duce the uncertainty in the detection of micro plastics.

Second, the material of polyester was confirmed from the 

third mackerel in the second experiment. In the previous re-

search, it was found that PCB, nonylphenyl, DDE and organic 

chlorine pesticide were adsorbed from the microfibers of the 

ingested micro plastic. In addition, some polyesters (PE) are 

known to adsorb PCBs more than four times higher than poly-

propylene, which is a type of polyolefin fiber. When micro 

plastics are exposed to the sea for a long time, heavy metals 

accumulate, It is judged that bioaccumulation of residual con-

taminants will become serious.

Third, the probability of mackerel to be found until now 

is low in the process of being consumed by micro plastics 

and reaching the final consumer.

Fourth, if the management of waste plastics is insufficient, 

the probability of micro plastics will increase due to the influ-

ence on the environment of coastal area and aquatic ecosys-

tem, so that aquatic organisms will be more likely to consume 

them.

Therefore, it is considered that the risk of marine micro-

organisms and zooplankton has been revealed, and that the 

residual pollutants adsorbed on micro plastics are absorbed 

by digestive organs and cause disruption.

Meanwhile, the advantage of this study is that the com-

parability of the study was increased by comparing the results 

of the preliminary experiment and the experiment. In addi-

tion, we compared the wild and wild mackerel in the ex-

perimental group and the control group. It is the result of this 

study that microfibers were detected from the mackerel in the 

second experiment as well as the material.

The limitation of this study is that the preliminary experi-

ment was purchased and tested in August 2017 in Tongyeong 

city and the experiment was purchased in Seongnam city in 

November, 2017 but it could not be tested in season and va-

rious places. In addition, there is a pity that we have not been 

able to compare the wild mackerel with another wild mac-

kerel.

Finally. improving these limitations will be a better research 

paper in the future.
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