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Measuring the total weight of marine debris littered on
the Ookushi beach using balloon photography
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(Nakashlma et al., 2011 MPB)
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Measuring the total weight of marine debris littered on
the Ookushi beach using balloon photography
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(Nakashima et al., 2011, MPB),
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%ﬁ”ﬁIEGeo-referencing to convert the
images on the Cartesian coordinate

O S E A D EHE we first extracted pixels

using lightness and color differences, and thereafter
computed the area covered by beach litter

Nakashima et al.
(2011, Mar. Pol. Bull.)




Nakashima et al. (2011, Mar. Pol. Bull.) Table 1 Beach-litter measurements using a balloon on the
Ookushi beach

In situ surveys to investigate litter mass

. Areas covered by litter mass per unit area total mass
per unit area (m2) (kg/m2) (kg)
b S~ = =
BuMNmEH-YDEEIZIEE
n 22 October 2009 123.5 5.8%2.1 716259
WG TAE,
: 31 July 2010 490.8 8.2+2.6 4,025+1276
5 March 2011 248.0 11.5+2.7 2,852+670

Area x litter mass per unit area=Total litter weight

ERTHEER x RETRHAEL-BUEED
EFYDEET,. BRHREZFEL

123.5 m? 5.8+2.0 kg/m? = 71 6 +259 kg
The upper limit of the weight of marine debris littered on the entire Japan beaches can be estimated to:

= 0.7 tons + 500m (k%/ﬂﬁﬁ) x 35, 000km (El zlso),ﬁ;iﬁ)— 0(100) kllotons




Plastics accounted for 70% of the total weight on the beach

Nakashima et al. (2011, Mar. Pol. Bull.)
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Derraik (2002, Mar. Pol. Bull.) Marine Plastic Pollution

Table 1
Proportion of plastics among marine debris worldwide (per number of i

S ' AN N
Locality Litter type Percentage of debris items Source E # 0) %’J 70 % *E ' (i 7 7 Z ? \ J { 7 % z
represented by plastics
1992 International Coastal Cleanups Shoreline 59 Anon (1990) x
St. Lucia, Caribbean Beach 51 Corbin and Singh (1993) O — 1 TE

D ERLGLVE
:ﬁl:UL)bTL‘C&(:J:%)o

I = RE

2 ~ETSZFVIRETHD.

Dominica, Caribbean Beach 36 Corbin and Singh (1993)

Curagao, Caribbean Beach 40/64 Debrot et al. (1999) ,l‘i 75‘ N
Bay of Biscay, NE Atlantic Seabed 92 Galgani et al. (1995a)

NW Mediterranean Seabed 77 Galgani et al. (1995b)

French Mediterranean Coast Deep sea floor =70 Galgani et al. (1996)

European coasts Sea floor =70 Galgani et al. (2000)

Caribbean coast of Panama Shoreline 82 Garrity and Levings (1993)

Georgia, USA Beach 57 Gilligan et al. (1992) QE
5 Mediterranean beaches Beach = Golik (1997) ~ ——
50 South African beaches Beach Gregory and Ryan (1997) ,T E
88 sites in Tasmania Beach 65 Gregory and Ryan (183 73N
Argentina Beach Gregory and R) ap 97)

9 Sub-Antarctic Islands Beach

South Australia Beach

Kodiak Is, Alaska Seabed

Tokyo Bay, Japan Seabed 1 ehxro el al. (1995)

North Pacific Ocean Surface waters Laist (1987)

Mexico Beach Lara-Dominguez et al. (1994)

Transkei, South Africa Beach Madzena and Lasiak (1997)

National Parks in USA Beach Manski et al. (1991)

Mediterranean Sea Surface waters Morris (1980)

Cape Cod, USA Beach/harbour Ribic et al. (1997)

4 North Atlantic harbors, USA Harbour Ribic et al. (1997)

Is. Beach State Park, New Jersey, USA Beach

Halifax Harbour, Canada Beach

Price Edward Is., Southern Ocean Beach Ryan (1987b)

Gough Is., Southern Ocean Beach

Heard Is., Southern Ocean Beach

Macaquire Is., Southern Ocean Beach Slip and Burton (1991)

New Zealand Beach

Two gulfs in W. Greece Seabed

South German Bight Beach Vauk and Schrey (1987)

Bird Is., South Georgia, Southern Ocean Beach

Fog Bay, N. Australia Beach

South Wales, UK Beach Williams and Tudor (2001)

Results are arranged in alphabetical order by author.
#76% of total consisted of synthetic line for long-line fisheries.

Table 1
Classes of plastics that are commonly encountered in the marine environment.

TSRAFYIT2M60-70% (%, iEKEY
Sy HELEOBEVRYIFLU(PE)ER)TH
sacaom . EL2(PP), SHIZ6%IREDFIARXF
O—JL(PS)TH D, Thbhb,. ThLER
S| RIEREHESIND,

Plastic Class Specific Gravityl Percentage production™ oducts and typical origin
Low-density polyethylene LDPE LLDPE 0.91-0.93

High-density polyethylene HDPE 0.94 ilk and juice jugs
Polypropylene PP 0.85-0.83 ope, bottle caps, netting
Polystyrene PS 1.05 lastic utensils, food containers
Foamed Polystyrene loats, bait boxes, foam cups
Nylon PA etting and traps
Thermoplastic Polyester PET 1.37 lastic beverage bottles
Poly(vinyl chloride) PVC 1.38 lastic film, bottles,

Cellulose Acetate CA

* Fraction of the global plastics production in 2007 after (Brien, 2007).

lastic bags, six-pack rings, bottles, netting, drinking straws

Mar. Pol. Bull.)



Marine debris motion=ocean currents(< 1 m/s)+winds (leeway drift)

Leeway drift EVIEFZE U = Pu | A CGW
p.NANC

w w

p: density ZE A: projected area %= HEf& C: drag coef iR %L
W: wind speed AR  The subscript a means air, and w does seawater.
RREE/BKEE~103 ERFEHLE~1, 10m/sOEREET DL,
BUEFRRIE., #HEZEmFEL1TIE30 cm/s (Y1km/h)
IRFEAELL10([F XK KH)TIL. 1m/s (3.6 km/h)




Marine debris motion=ocean currents(< 1 m/s)+winds (leeway drift)

wind blower
37

Figure 4. Size (cm) and shape of the samples (spheres a~c
see table 1).
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Animation of ocean current speed reproduced using a reanalysis product, which is an
ocean circulation model of which computational errors arte autonomously reduced on
the basis of actual data observed by satellites and ocean observing robots (Argo > 3500

robots are now working over the world oceans!)
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10 Inteenal roservolr

Animation in which the ocean currents are

reversed in sign.
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Deduction of “origins” of marine debris using the reanalysis product combined with a particle
tracking numerical model

2011/12/31
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Kako al. (2010, J. Oceanogr.; 2011, Mar. Pol. Bull.)

BEEE - I, BETEToONSEDEITTIEALY, =(j:“|§%:%
/ﬁ' EU\ /ﬁ;ﬁtﬂl~;ﬁéhﬁﬁ€ %) We can find that a nonnegligible

fraction of litter returns to the Changjiang river mouth. Rivers are an important source of marine debris.




Table 1 Beach-litter measurements using a balloon on the
Ookushi beach

Areas covered by litter mass per unit area total mass
(m2) (kg/m2) (kg)
22 October 2009 123.5 5.8%2.1 716259
31 July 2010 490.8 8.2+2.6 4,025+1276
5 March 2011 248.0 11.5£2.7 2,852+670
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Fig. 2 Total debris per 500 m versus time for 71 surveys done at
Island Beach State Park, New Jersey, USA.

It is a difficult task to determine the total weight Monthly monitoring by Ribic, 1998 (MPB)
(volume) of marine debris on a beach, because the based on in situ surveys by voluntary
quantities of debris vary drastically in time. activiies. A DRSS TATRA—R|ZL
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Turnover time of marine debris on a beach
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Kataoka et al., (2013, Mar. Pol. Bill.)
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" beach An experiments were conducted to investigate the turnover
. TN [ MAON T time of marine debris on Wadahama beach. The specific
types (below photos) of debris were all labeled in each
9 survey, and their reducing numbers over the beach was
40°'N observed in the following repeated surveys.
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(a) Typel , Blue buoy (b) Type2: Blue buoy (c) Type3: Orange buoy




Kataoka et al., (2013, Mar. Pol. Bill.)
EF(TERVTHLIIREDRHEL LR
=RAICHANBFESZDOFT-O0IDRE(LET H)DNRRITH O TULKKRFFRRER)
Remnant functions of all debris numbers (normalized by initial numbers). We can found that the
total number of debris reduced exponentially in time.
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N Akll T |Kataokaetal, (2013, Mar. Pol. Bill.
081 e h(t) =exp(-2.167t) |
: R*=0.751
Z 06
E o
7 0.4 - _
* h(T)dt
0
0.2 1 I
~ 200days
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Elapsed time (year)

MEMHERFREDGS, BFEISEELTWS(TMIBEDOREEIN)EIZIE, FH
TNEHIFFETHEISERELELDEANEDLOTNS.

On average, marine debris washed ashore on the Wadahama beach all exchanges to other debris on a timescale of 200
days.

ERICBEANEET DRREE=RIVTTHFEERFLEZLY,

A monitoring technique available for marine debris is required.
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Webcam monitoring of marine debris
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BEWRT 5412 2 50

™ S, The photos of beaches with marine debris were taken
~~~~~~ by webcams (driven by solar panels) with every 60-90
LTS min. The photos were converted to areas covered by
<EEER litter. This system provides an index of long-term

7:00~15:000DFH variations of marine debris quantities on the beaches.
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Kako et al., (2010, Mar. Pol. Bill.)
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Kataoka et al. (2012, Mar. Pol. Bull.) |
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Webcam monitoring of marine debris

RIGRAEINEXRBMRXICHKELT:

(a) ZE5DOYTTHAS
We set two webcams on the Ookushi
: beach, Goto Islands, Japan
- ; Kako et al., (2010, Mar. Pol. Bill.)
= N _ (c)
3 : > X 32.88°N
,.,;& P
[ q -A
33,50 (b) ngen | Ookushi beach
“( Webcam 2
LN
East China Sea Webcam 1
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Webcam monitoring of marine debris EBEREFEAXEHMRIZEB LI
Kako et al., (2010, Mar. Pol. Bill.) ZEDDTIThAS (LI ERE)

(a) (e)

(b) Photos taken by webcam (d) Geo-referencing
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rjljjj)(alzé:%):E:gu_‘/ﬁ Kataoka et al. (2012, Mar. Pol. Bull.)
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"~ We are able to distinguish
between man-made debris and
natural things (driftwoods) on
the photos using color spaces.
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The above movies are produced by photos taken during one year on the Ookushi beach. The movement of
shoreline occurs not by waves, but by tides. A large amount of debris were washed shore under the stormy
weather conditions at spring and flood tides,
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Kako et al.,
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Time series of areas covered by litter on
the Ookushi beach. The temporal variation
on timescales from a few weeks to one
month is remarkable. Also shown in the
lower panel is the correlation coefficient
between areas and wind speed. It is found
that westerly winds carried marine debris
onto the beach.
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Monitored using a webcam

Simulation by assu,mmg lpeach cleanup
campaigns
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We use webcam-monitored areas
fy+A (f) in reality

af
f(t0+At):f(t0)+ j ( )dt The simulation says that the
)

/ _ litter was reduced to 40% Of

e sl s U [Eea il die Elesi) particular importance is well-planned
when the area reached to 30m? . ey . :

cleanup activities using sequentially-

monitored in situ data

annually-averaged area covered by
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Webcam monitoring of Tsunami debris at the Oregon coast

PICES (NORTH PACIFIC MARINE SCIENCE ORGANIZATION) PROJECT ON “EFFECTS OF
MARINE DEBRIS CAUSED BY THE GREAT TSUNAMI OF 2011”

BE/RE/ANTT  myommmic &0 R EMBOHE

Invasive species carried by tsunami debris crossing the N. Pacific

Model Forecast
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= Floating hulk found off Newport OR, on Aprll 9 this year.




webcam installation at Newport, OR \
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[ View from west
Webcam (IP8361) View from south
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Mobile card (4G LTE USB Modem UML295)
ATRTDE/ A JL[E R
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N ftp server
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Our webcam monitoring at
Newport is on going since last
April. All hourly images during
the daytime are available on the
website
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TOP Webcam images Research

About webcam monitoring

Thank you for visiting our website and your interest in our research

We are monitoring tsunami debris using a webcam installed on a beach in the Oregon Coast. We will provide quantities of marine debris
litterd on beaches using the webcam data (Kako et al., Mar. Pol. Bull., 2010; Kataoka et al., Mar. Pol. Bull., 2012). The webcam is oparated
every one hour for 9:00 to 18:00 (PST), and the webcam data is sent to our server via the Internet. We will put the last webcam data on this
website.

Webcam Site3¢ (= ey ) o rruRE 1
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Our webcam system
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oL A 0)}7?*1“ AO)%—:IEJ:%E& <PROBLEMS>We have'met many difficulties in monitoring marine debris using webcams

:]:E outside Japan. AT&T does not previde dynamic DNS service to'assign a static IP address to a
specific webcam, so we tannot'controlthe webcam remotely.:Dark color debris in US coast is
difficult to detect on a colospacesWenow have kaowway to'establish the webcam system
in the absence of the Internettmaintenance; vandalism



Our on-going research project on microplastics

. OGN HMNDTSRFYHITT macroplastics
o 77 0-2J axa'—\ybx Andrady (2011, MPB)
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Our on-going research project on microplastics
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Plastics debris are degraded to microplastics due to exposure
to ultraviolet radiation and mechanical erosion on beaches
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SEHEEE  The Ministry of Environment, Environmental Research & Tech. Development Fund

Year 2015-2017:
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“Study on behavior and environmental risk of microplastics drifting in coastal waters and open oceans “
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