


8 MT of Plastic Debris into Global Ocean Annually
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Plastic Debris Concentrations in Ocean Basins

Currently, NO remote sensing technology can satisfactorily
detects the concentration of marine plastic debris in global basin.



Garbage Patch due to Ocean Gyres
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Whale Shark ‘marine filter feeder’ in plastic garbage
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Pic from German Deutsche Welle Website



Average 15 plastic litters every meter of coastline
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WHO Generate the PMD? Top 20 Rank Countries

Rank  Country Coastal Pop Waste Gen. Plastic Mismanaged Mismanaged plastic  Plastic marine
(millions) Rate (kg/ppd) waste (%) waste(%) waste (MMT/year) debris (MMT/year)
1 China 262.9 1.10 11 76 8.82 1.32-3.53
2 Indonesia 187.2 0.52 1 83 3.22 0.48-1.29
3 Philipines 83.4 0.50 15 83 1.88 0.28-0.75
4 Vietnam 55.9 0.79 13 88 1.83 0.28-0.73
5 Srilanka 14.6 5.10 7 84 1.59 0.24-0.64
6 Thailand 26.0 1.20 12 75 1.03 0.15-0.41
7 Egypt 21.8 1.37 13 69 0.97 0.15-0.39
8 Malaysia 22.9 1.52 13 57 0.94 0.14-0.37
9 Nigeria 27.5 0.79 13 83 0.85 0.13-0.34
10 Bangladesh 70.9 0.43 8 89 0.79 0.12-0.31
11 South Africa 12.9 2.00 12 56 0.63 0.09-0.25
12 India 187.5 0.34 3 87 0.60 0.09-0.24
13 Algeria 16.6 1.20 12 60 0.52 0.08-0.21
14 Turkey 34.0 1.77 12 18 0.49 0.07-0.19
15 Pakistan 14.6 0.79 13 88 0.48 0.07-0.19
16 Brazil 74.7 1.03 16 11 0.47 0.07-0.19
17 Burma 19.0 0.44 17 89 0.46 0.07-0.18
18 Morocco 17.3 1.46 5 68 0.31 0.05-0.12
19 North Korea 17.3 0.60 9 90 0.30 0.05-0.12
20— United States 112.9 2.58 13 2 0.28 0.04-0.-11
172 Taiwan 22.2 2.10 12 2.25 0.05 0.01-0.02

Source: Jambeck, 2015




Generation of Marine Plastic Litter around SCS
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How those PMD ranking estimated?

PMD = CP - WGR - (PWS%) - IMW% + LW%) - F

PMD : Plastic marine debris (Million Tons)

CP . coastal population

WGR  : waste generation rates (kg/person/day)
PWS% : percentage of plastic waste stream

IMW©% : percentage of inadequately managed waste
LW% :percentage of littered waste

_____________________ L |
Il F percentage of waste that enters the ocean [
e e e e e e e e e e e e e e e e = e = d

Jambeck, 2015



Waste Generation Rate Per Capita on GNI and GDP
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With the rapid economic progress in Mainland China, Indonesia, Viethnam and SCS
countries, a increasing trend of marine litter in Penghu can be expected.



[ F: Percentage of Debris enters the Ocean }

The most uncertain parameter: F=15%%~40%

 Sewer debris originate from sewer overflows and sewage
general litter (Neto and d Fonseca, 2011; William and
Simmons,1997b)

* Riverine Litter Discharge (William and Simmons,1997b)

« Sewage Inputs SOURCES l- Fly-tipping
» CSO assessments ( e Case study

= Stranding )
= Site Clearance

PATHWAYS

= Movement

e Time of travel

« River/Beach Interface = Persistence

« Beach surveys SINKS » Degradation tnals

BASELINE SURVEY




Plastic Debris Come from Riverine Discharge

Top 20 Polluting Rivers

Catchment Country Lower mass Midpoint mass Upper mass Total catchment Yearly average
input estimate input estimate input estimate surface discharge
(tyr™ 1) (tyr 1) (tyr D) area (km?)?' (m3s 12
Yangtze  China 3.0 x 10° 3.33%10° 4.80 x 10° 1.91x 10° 1.58 x 104
Ganges India, Bangladesh 1.05 x 10° 115 x 10° 172 x 10° 1.57 x 10° 2.08 x 104
Xi China 6.46 x 104 7.39 x 104 114 x 10° 3.89 x 10° 5.53x 103
Huangpu  China 3.35 x 104 4.08 x 10* 6.73 x 10* 2.62 x10% 4.04 x 107
Cross Nigeria, Cameroon 3.38 x 104 4.03 x 104 6.5x 104 238 x 103 2.40 % 102
Brantas Indonesia 3.23 x 104 3.89 x 104 6.37 x 104 1.1 x 104 8.18 x 102
Amazon Brazil, Peru, Columbia, Ecuador 3.22 x 104 3.89 x 104 6.38 x 10% 5.91 x 108 140 % 10°
Pasig Philippines 3.21x 104 3.88 x 10* 6.37 x 10* 4.07 x 103 2.07 x 102
rrawaddy  Myanmar 297 x 104 3.53x 104 5.69 x 104 3.77 x10° 5.49 x 103
Solo Indonesia 2.65x 104 3.25 x 104 5.41 % 104 1.58 x 104 7.46 x 102
Mekong  Thailand, Cambodia, Laos, China, 1.88 x 104 2.28 x 10% 3.76 x 10* 7.74 x 10° 6.01x 103

Myanmar, Vietnam

Imo Nigeria 1.75 x 104 215 x 104 3.61 x 104 7.92 x 103 2.79 x 102
Dong China 157 x 104 1.91x 10% 317 x 10° 333x 104 8.54 x 102
Serayu Indonesia 133x104 1.71x 104 2.99 x 104 3.71 %103 3.70 x 102
Magdalena Colombia 1.29 x 10% 1.67 x 104 2.95 x10% 2.61 x 10> 5.93 x 103
|Tamsu'| Taiwan 1.16 x 10% 147 x 10% 2.54 x 10% 2.68 x 10> 1.08 x 107
Zhujiang  China 1.09 x 10* 136 x 10° 231x10% 4.01x10° 1.33 x 10¢
Hanjiang  China 1.03x 104 1.29 x 104 2.19 x 104 2.95 x 104 7.35x 102
Progo Indonesia 9.80 x 10* 1.28 x 10* 2.29 x 10* 2.24 x 103 2.79 x 10?
Kwa lbo  Nigeria 9.29 x 10* 1.19 x 10* 2.08 x 104 3.63x10° 192 x 107

Input rate estimates (in tyr —1) are representative of mismanaged plastic waste (MPW) production and catchment runofi. A lower, midpoint and upper estimate is calculated based on three regression
analyses accounting for uncertainties in our field observations data set.

Source: Lebreton, 2017
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Characteristics of Catchment, Rainfall-runoff
system, Riverine discharge variability and
Estuary Mixing play important roles on Plastic
Debris Transport...

What could we, the hydraulic engineers, do?



Weathering and Wave Force incur Marine Plastic Debris
Fragmentation




And then turn into Microplastics

1l -
CENTIMETERS

In 2004, Prof. R. C. Thompson at University of Plymouth first
proposed the idea of microplastic

e d<5mm
* Suspended in water, long-term persistent and could be

uptaken by marine organisms into ecosystem
Thompson, et al. (2004 - Science)
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Other Source: Cosmetic & Facial Cleanser
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Other Source : Textile fiber
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Microplastic particles are the carrier of POPs

POPs and bacteria can be adsorbed

Surface micromorphology on the rough surfaces
B Lposa ' % P
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Corcoran et al., 2009 Reisser et al., 2014




This planktonic arrow worm, Sagitta setosa, has eaten

a blue plastic fiber about 3mm long.
Photograph: Richard Kirby/from Orb Media




Invasion of pathogenic microorganisms
and harmful species

Brief Communications

Nature 416, 808-809 (25 April 2002) | doi:10.1038/416808a

Biodiversity: Invasions by marine life on plastic debriq

David K. A. Barnes

Moar Biol (2014) 161: 14411453
DOT 1O 10T SS0022T-014-24232 -8

ORIGIMNAL PAPER

Relationship of diversity and habitat area in North Pacifi
plastic-associated rafting communities

Miriam C. Goldstein - Henry 5. Carson -
Marcus Eriksen

The plastic-associated microorganisms of the North Pacif

* Marine Science Depaertment, University of Howait ar Hite, 200 W. Kawili 5, Hilo, HI 96720, US4
b Department of Blology, University of Bergen, Bergen, Norway
* Five Gyres instifuce, Los Angefes, CA, USA



Microplastic has been identified
in Atmospheric rainfall drop,
groundwater, Tap water and

even bottled water.

* The vertical/horiozntal transfer of microplastic
is inseparable from the Hydrological Cycle.

* How the processes of evaporation,
precipitation, infiltration, surface water runoff
and ocean circulation drive the movement of
microplastic among atmosphere, ocean and
land remain unclear.
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swimmers

© 2004 Thomson - Brooks/Cole

Plankton:
floaters

Zooplankton

Phytoplankton



A7 (Plankton)

W E}Tﬁi@ (Phytoplankton): \m ﬁ?%}]?@ (Zooplankton):

7?"’ &i é. ‘;ﬁ (primary 7?‘” & ‘/ﬂ %‘ﬂ’ "Ff (primary
consumer

producer)




Zooplankton

- Arthropoda (&R E47)) -
Copepod (#EEMIER ) |, krill (fkiE )



500,000
units of
radiant energy
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(Blo-accu mulatlon)

lrophic Level

A tuna sandwich 100 g (/4 pound) =
5 For each kilogram of tuna, Tuna (top consumers)
4 roughly 10 kilograms of mid-size fish () Mid-size fishes
must be consumed, (consumers)
; : ’ Small fishes and larvae <) e
3 and 100 kilograms of small fish, (consumers) L

y

1 and 10,000 kilograms of primary
producers.

Phytoplankton ﬁ XV

(primary producers)

2 and 1,000 kilograms of small i Zooplankton
herbivores, (primary consumers) W

© 2004 Thomson - Brooks/Cole
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Persistent Organic Pollutants (POP)

o Po|yaroma’[ic o OrganOquOrineS
hydrocarbons (PAHs) (GH#&&E/EY))
LIk (K& ) < PCBs (X&)

e Dioxins ( @B )

* DDT : &7

* BHC ©
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Minamata disease (7K{=J%)
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Photo: William Eugene Smith (£ A4, Tomoko in the Bath, 1972)
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Microplastics Transport vs. Hydrological Cycle

-0.4 -0.2 0.0 0.2 0.4
o T T T T ‘ T T T T 0.6
precipitation 10 4

o e Relative Humidity
5 - ~/s 8 /-""//-.-.ﬁ 4"\_“\""‘\ - 04
gt N\ Mrx Yoe 1 _Barometric Pressure .
-4 (R AR T 6 //Stalion Pressurc N
g \} B = wind transport 1 Crosswind Speed

iy / Wind Speed -| 0.2
B v \
atmospheric input o / SK‘_-I \
) ] [ SK-.:Z . “NH \
‘ SK-3° ———TDow Point | o

\\Prychm\Wcl Bu"; Tcmpz:iralurc
\ / 4

1 | Wind Directi
5] \ ind Direction L

PC2 (26.3%)
<

vo S ] " Heat Stress ln,cicx
) \:' e l-lé'ag\\?/ind Speed YN Vind /Q}/I/i" 1-02
SR o] % =
e g = . l)ensi}y,ﬁllilude
¢ 4 : o ~~__SAMPs i +-04
‘ i s ——r -
3 -10 -
cominenfal She'f \"\'\'\/\ 2 )% 0e | e T e G i T LY TRELAR TR SRR LT L [ | '06
~ o 14 <1210 -8 6 4 2 0 2 4 6 8 10 12 14
, seafloor PC1 (57.7%)
Source : KaiLiu. 2019 ¢ Scores 95% Confidence Ellipse —# Loadings

Microplastics (MPs) are an emerging concern and potential risk to marine and
terrestrial environments. MPs was included in the hydrological cycle and
transport. Microplastic can be vertically and horizontally transported as
suspended particles in atmosphere



Microplastics in the hydrological cycle are categorized as
fibers (67%), fragments (30%), and a granule (3%).

Figure 3. Photographs of typically observed microplastics. a-c:
fibers; d-e: fragments; f: a granule.
Source : KaiLiu 2019



Microplastic migrates vertically and penetrates
into the soil through infiltration (steve Allen 2019)

* The average penetration depth was calculated as 5.24 m [1].

* Particle size in the initial surface and groundwater concentration with sand
to derive MP-sand mixture concentrations of 0.07%, 0.13%, 0.27%, 0.53%,
1.06%, 2.09% and 4.09% (w/w). To each column, single infiltrations of 100
ml of infiltration fluid were applied [1].

Figure 6 (a-e) Stereomicroscopic photographic images (false colour) of the five
MPs used showing granular, pellet, or spherical morphotype particles of (a) PE-
fine, (b) PE-coarse, (c) PP, (d) facewash, and (e) body scrub particles.

Density (g/cm’)  0.893 0.884 0.833 0.898 0.876

(a) (b) (©) (d ()




Microplastics in water (Log10(#/m3))

* The GESAMP (2015) : report the presence of microplastics in air samples, food
and drinking water

* Albert A. Koelmans (2019) : The ubiquity of microplastics of all sizes in surface
water, groundwater, and wastewater, has raised the question of pollution of
drinking water occurs.

* The presence of microplastics in tap water and bottled water are reported by
Kosuth et al., 2018; Mason et al., 2018; Mintenig et al., 2019a, Mintenig et al.,
2019b; Schymanski et al., 2018.

In Drinking Water, too !!
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Tap water is widely contaminated by plastic

of tap water
samples contained
plastic fibres

& o
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Ecuador

\ Average number

of fibres per 500ml
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https://www.theguardian.com/environment/2017/sep/06/pla
stic-fibres-found-tap-water-around-world-study-reveals



https://www.theguardian.com/environment/2017/sep/06/plastic-fibres-found-tap-water-around-world-study-reveals

Let’s do something...

Taiwanese preliminary, ongoing efforts



Marine Research Lawsand  Numerical Emerging Program Actual NGO
regulations Simulation technology development pre

strategies
Ocean Affairs Council, National Yung-Fang Decision making analysis
Academy of Marine Research Chiu
Hsun-Chieh Data quality control analysis
- Chuo
Ocean Conservation Administration, Hsiao-Hsia Li Problem analysis, strategic planning, enwronment
Ocean Affairs Council protection laws and regulations e
Center for Space and Remote Sensing Kuo-Shin Quality service, communication
Research (CSRSR) Tseng : ;g
’ Chi-Fan Chen
National Central University (NCU) __ Hwa Chien

Policy analysis, public communication, pop
communication, team coordination

Greenpeace

Ocean drifting, oceanographic investigati
atmosphere environmental data

Ocean numerical simulationh



Strategy - Phase 1

1
2.

. Constrain plastic usage
Remove former Coastal Reduce the terrestrial
and River bank garbage sources
landfill sites

Marine Plastic Beach R&D of Technologies
Survey APP of MPD survey and
Drone image Al

recognition
MPD trajectory

monitoring

monitoring and Dynamic marine plastic

prediction - debris database




Beach Survey APP
for Coastal Cleanup

® Beach cleanup made easy APP
v Nationwide participation in
big data collection

v Reporting back of data from
beach cleanup activities

Set up a single database

Immediate reporting
statistical data

v' Establishment of marine
debris image recognition
training sample

Does this belongs to PET bottles?
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Drone Image Recognltlon
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Monitoring ocean current

27°N

starthime : 2018-01-01 00:00
Endtime : 2018-03-02 00:00
Nowtime : 2018-01-01 00:00

atith idtihe debris traject

Splots : 3000

230N B L

Usmq marine surface current data and
Monte Carlo ocean partlcle tracklng method

Type : MED-WASTE-4
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Seasonal Variation of Circulation in Taiwan Strait
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Source of Penghu Marine Debr

December

November 2016

The Simulation of Debris at the North of PengHu islands

The Simulation of Debris at the North of PengHu islands
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Source of Penghu Marine Debris (Winter)

February 2017

January 2017

The Simulation of Debris at the North of PengHu islands

The Simulation of Debris at the North of PengHu islands
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Oyster Agriculture in ChiaYi




Possible sources of marine debris' region
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Source of Plastic Marine Debris in the North of Penghu Islands in 2016
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Approach 2 : From river to ocean:
Low-Cost Tracking rifter Applications
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GNSS Tracking drifters

GPS
(Optional: RTK) Core -
Atmega

Date Time 644PA/
Location 1284P
Velocity
Direction
Attitude

Real Time
Clock

Extended Channel

Degree of Freedom

Power System
Battery

Solar Power

Communication
Radio Frequency
GPRS/GSM
Satellite

Server Database

& * SDz R+




L=}

200

195

Flume Tests

|

]

172 173

e

B

23 24

18

179

60s

Time Average Interval

)
PP
(=)
O
i
»
I
O
o
~

T T T T T T T
@ =
s ol I | s || "
(o’e)
© MS
+ - e AN
F J++ Q
S|
TR - S S —
o —
N 2D
S
T ||||||||||||| L mﬂ Hm. [e’e)
o MWL me o
=
© G
g | |+ 6 | ©
o3 < | oo
= | O
©R |
+ | P _ g | | o
o S
0 =
+ ] S — = || 7
o
« | 2|8
I A
o
—
£ S
~ ER
P, O I N PSSR ~
a Bl N - I
| 1 1 | 1 1 1 DB
<+ 0 o 0 ] 0 - w0 o <
o ™ o N o - o @
o o o o

[s/w] Ayoolap Jeyug




Latitude [degree]

Latitude [degree]

23.0528

Track Group 1

Velocity [m/s]

23.0526 1.

23.0524
23.0522 ~

23.052
23.0518 A
23.0516 A

Before QC

i

23.0514

230526

23.0524 -
23.0522 -

23.052
23.0518 -
23.0516 -

23.0514

Velocity: 0.17 * 1.135m/s

|
I
|
w1
'I
|
i
|
L 4

.

. >
a

After QC

Velocity: 0.16+0.04m/s

68

1

0.8

10.6

10.4

0.2

0
0.8

10.6

10.4



Flume Test for Wave measurement

Regular wave (H,/5:80cm, T,:3sec)



Data processing
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The significant wave height (H,, unit: m)

and mean period (T, unit: second) were

calculated based on the following
equations:

— mO

H =38/m, T,= m—2

where m, and m, are zeroth-moment and

second-moment of wave displacement
spectrum, respectively:

m, =[S, . (f)f"df
where

At > 1
5,.(1) =22 L,

where At = sampling interval, L = count
of data, X, = Discrete Fourier Transform
of vertical acceleration.



Inter-comparisons of wave parameters in Flume tests
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Small: Density=0.76, UTV=0.715 m/s




Danshuel River Experiment
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TamShui River, Taipei Metropolitan
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Yelocity [mis]
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TamShui River, Taipei Metropolitan
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Vorticity (2016.10.06)
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Field measurements in the Taiwan strait

2019/09/03 03:00 ~ 09/03 07:00 UTC+0
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More Questions:

Under which nearshore hydrodynamic
conditions, plastic marine debris will be stranded

on the beach?

Drifters can do more...









Coastal Zone Experiment 1
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Coastal Zone Experiment 2
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Coastal Zone Experiment 3
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Marine Debris

Drifter Cluster No. 6 (20161107)
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Concluding Remarks

 Currently, two of the major threatens of global scale to
Human induced by anthropogenic effects,

* Climate Change

* Plastic Debris/Microplastic

* The pathways and fluxes of Plastic debris/Microplastic from
source to sink are unclear, neither their transports among
atmosphere, ocean and land. Nevertheless, it is strongly
associated with water and driven by water cycle.

* Scientists, Researchers, Engineers and Policy-makers from
Water Sphere research and management are encouraged to
contribute to this field.



