
2010 ICM Problem 
 

 
The Great Pacific Ocean Garbage Patch 
Recently, there has been considerable news coverage of the “Great Pacific Ocean Garbage Patch.” 
See the following: 

http://www.nytimes.com/2009/11/10/science/10patch.html?em 
http://www.sciencefriday.com/program/archives/200907314 
http://www.reuters.com/article/idUSTRE57R05E20090828 

Based on recent scientific expeditions into the Pacific Ocean Gyre (a convergence zone where debris is 
accumulating), a wide variety of technical and scientific problems associated with this debris mass are 
coming to light. While dumping waste into the ocean is not a new activity, the scientific community’s 
realization that much of the debris (plastics, in particular) are accumulating in high densities over a large 
area of the Pacific Ocean is new. The scientific community also is learning that this debris creates many 
potential threats to marine ecology, and, therefore, to human well-being. Those who study this 
accumulation often describe it as plastic soup or confetti.  
See: http://news.nationalgeographic.com/news/2009/09/photogalleries/pacific-garbage-patch-pictures/ 
This year’s ICM problem uses interdisciplinary modeling to addresses the complex issues stemming from 
the presence and accumulation of ocean debris, in order to help researchers and ultimately government 
policy makers to understand the severity, range, and potential global impact of the situation.  
As modeling advisors to the expedition, your job is to focus on one element of this debris problem, model 
and analyze its behavior, and determine its potential effect on marine ecology and the government 
policies and practices that should be implemented to ameliorate its negative effects. Be sure to consider 
needs for future scientific research and the economic aspects of the problem, and then write a report to 
your expedition leader summarizing your findings and proposals for solutions and needed policies and 
practices. Some of the possible issues/questions you could investigate with your model include: 

1. What are the potential short- and long-term effects of the plastic on the ocean environment? What 
kind of monitoring is required to track the impact on the marine ecosystem? Be sure to account 
for temporal and spatial variability. What are the associated resourcing requirements? 

2. How can the extent, density and distribution of the plastic in the gyre be best understood and 
described? What kind of monitoring plan is required to track the growth/decay/movement of the 
plastics, and what kind of resourcing is required to implement that plan? 

3. What is the nature or mechanism of the photodegradation of the plastic and its composition as it 
enters the ocean and accumulates in the gyre? (For example, we are amazed to find that the 
particles of degraded plastic tend to reach a similar size.) 

4. Where does the plastic come from and what steps can be taken to control or reduce the risks 
associated with this situation? What are the economic costs and the economic benefits of 
controlling or ending the situation, and how do they compare? How much plastic is 
manufactured, discarded, and recycled? How much of that is likely to go into the ocean? How 
much of that is likely to float? 



5. Could similar situations develop in other places in the oceans? What should we monitor and how? 
What is happening in the North Atlantic Gyre and the Alaskan Gyre? Use your model to estimate 
the plastic density in the future in the southern gyres (South Atlantic, South Pacific)?  

6. What is the immediate impact of banning polystyrene takeout containers? (See: 
http://bit.ly/5koJHB) What is the impact over 10–50 years? 

7. Any other scientific/technological issue associated with this situation is also acceptable, as long as 
modeling is an important component of your investigation and analysis.  

To clarify your task, focus on one critical aspect of this problem and model the behavior of the important 
matters or phenomena. Specify the quantities that are of greatest present or future interest to the one 
aspect you choose to model and analyze. Your ICM report should be in the form of a ten-page team 
report to an expedition leader who has asked you to help her identify the relevant behaviors of the matters 
and phenomena under consideration, provide the analysis for impact of the behavior of those matters or 
phenomena, and advise her on the government’s potential to act on the problem to improve this situation 
before it worsens. 
The following files contain some helpful data: 
CountDensity1999‐2009.pdf; Moore 2001.pdf; Yamashita 2007.pdf 

Here are some suggested papers you can use to inform your model formulation and obtain more 
data: 
Note: As a reminder, it is best to stick to the scientific literature, not the media coverage, for your facts. 
The mainstream media coverage of this issue has been misleading in many cases. For further explanation, 
see: http://seaplexscience.com/2009/11/13/millions-billions-trillions-of-scientific-errors-in-the-nyt/ 
Committee on the Effectiveness of International and National Measures to Prevent and Reduce Marine 

Debris and Its Impacts (National Research Council). (2009). Tackling Marine Debris in the 21st 

Century, National Academies Press, Washington D.C. 

Dameron, O.J., Parke, M., Albins M.A., and Brainard R. (2007). Marine debris accumulation in the 

Northwestern Hawaiian Islands: An examination of rates and processes. Marine Pollution Bulletin, 

54:423–433. 

Derraik, J.G.B. (2002). The pollution of the marine environment by plastic debris: a review. Marine 

Pollution Bulletin, 44:842–852. 

Matsumura, S., and Nasu, K. (1997). Distribution of floating debris in the north Pacific Ocean: sighting 

surveys 1986–1991. In: Coe, J. and Rogers, D. (eds.). Marine Debris: Sources, Impacts and Solutions. 

Springer, New York, pp. 15–24.  

Moore, C.J., Moore, S.L., Leecaster, M.K., and Weisberg, S.B. (2001). A comparison of plastic and 

plankton in the North Pacific central gyre. Marine Pollution Bulletin, 42:1297–1300. 

Pichel, W.G., Churnside, J.H., Veenstra, T.S., Foley, D.G., Friedman, K.S., Brainard, R.E., Nicoll, J.B., 

Zheng, Q., and Clemente-Colon, P. (2007). Marine debris collects within the North Pacific Subtropical 

Convergence Zone. Marine Pollution Bulletin, 54:1207–1211. 



Robards, M.D., Gould, P., Platt, J. (1997). The highest global concentrations and increased abundance of 

oceanic plastic debris in the North Pacific: evidence from seabirds. In: Coe J. and Rogers, D. (eds.) 

Marine Debris: Sources, Impact and Solutions. Springer, New York, pp. 15–24. 

Venrick, E.L., Backman, T.W., Bartram, W.C., Platt, C.J., Thornhill, M.S., and Yates, R.E. (1973). Man-

made objects on the surface of the central north pacific ocean. Nature, 241:271–271. 

Yamashita, R., Tanimura, A. (2007). Floating plastic in the Kuroshio Current area, western North Pacific 

Ocean. Marine Pollution Bulletin, 54:485–488. 
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Floating plastic in the Kuroshio Current area,
western North Pacific Ocean

Rei Yamashita *, Atsushi Tanimura

Faculty of Bioresource, Mie University, 1515 Kamihama-Cho, Tsu 514-8507, Japan

Floating marine debris, particularly plastic, is widely dis-
tributed in the world’s oceans (e.g. Carpenter and Smith,

1972; Day and Shaw, 1987; Ryan, 1988; Day et al., 1990;
Moore et al., 2001; Thiel et al., 2003). The plastic is ingested
by various marine organisms (e.g. Colton et al., 1974; Day,
1980; Thompson et al., 2004), and its biological effects due
to physical blocking of digestive functions is of great con-
cern (Ryan and Jackson, 1987). Moreover, Mato et al.
(2001) recently found that plastic resin pellets contain toxic
chemicals such as PCBs and nonylphenol. They suggested
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that plastic resin pellets could be an exposure route for toxic
chemicals, potentially affecting marine organisms. Thus,
plastic pollution is now recognized as a serious problem in
marine ecosystems (Derraik, 2002).

The abundance of floating plastic was reported to be
high in subtropical and transitional waters in the North
Pacific Ocean (Day and Shaw, 1987). The Kuroshio Cur-
rent is hypothesized to aid in the transport of these plastics
all over the North Pacific Ocean (Day and Shaw, 1987).
However, no information is available on the distribution
of plastic in the Kuroshio Current area. Here, we report
on the distribution, abundance, mass, type and size of plas-
tics in the Kuroshio Current area for the first time and
compare the present results with those reported from else-
where in the North Pacific Ocean.

Investigations were carried out during seven cruises of
T/V Seisui Maru; 4–10 April 2000, 5–9 June 2000, 13–21
June 2000, 29 September–5 October 2000, 5–9 March

2001, 12–16 March 2001, 18–26 April 2001. Samples were
collected by a surface tow using a neuston net (mouth
opening 50 · 50 cm; side length 3 m; mesh size 330 lm) at
76 stations (Fig. 1A). Each sample was collected for
10 min at a ship’s speed of 2 kt. The area per sample, on
average, was 2.33 · 10�4 km2.

In the laboratory, plastics were sorted and were dried at
room temperature. Each dried sample was weighed on an
electronic balance. Plastics were categorized into eight
types: plastic resin pellets, plastic products, fragments of
plastic products, rubber, fiber, Styrofoam, plastic sheets
(less than 2 mm thick), and sponge, following Ogi and
Fukumoto (2000). The longest length of all pieces of plastic
was measured to the nearest millimetre with a vernier cali-
per. Then, the plastics were categorized into 11 size catego-
ries (from 1 mm to >11 mm).

Plastics were detected at 55 (72%) of 76 stations. Abun-
dance (0–3,520,000 pieces/km2; Fig. 1B) and mass (0–

0
<1
1-10
11-25
26-50
51-100
101-250
251-500

(x104 pieces/km2)

34º N

32º N

30º N

B

135º E 137º E133º E 139º E

160º E150º E140º E130º E120º E

50º N

45º N

40º N

35º N

30º N

25º N A

Oyashio Current

Kuroshio Current

Fig. 1. Locations of stations sampled for plastic in 2000–2001 (A). Distribution and abundance (pieces/km2) of total plastics in the Kuroshio Current area
(B). Broken line in (B) denotes the Kuroshio flow path during the study period (Quick Bulletin of Ocean Conditions by Japan Coast Guard (2000, 2001)).

Table 1
Mean abundance (pieces/km2) by the and size of plastics found in the sampling area during 2000–2001

Size (mm) Plastic resin pellets Plastic products Fragments of plastic Rubber Fiber Styrofoam Plastic sheets Sponge

1 49 0 13,100 177 64 5960 2300 0
2 331 0 24,000 44 229 4450 4340 0
3 269 0 36,900 44 1980 9770 3660 0
4 849 0 10,700 0 977 8170 2960 0
5 682 0 3280 0 829 2900 1560 51
6 89 0 3000 60 938 1820 1710 0
7 0 0 1760 0 932 719 1130 0
8 0 0 1320 0 384 604 1160 0
9 0 0 1140 59 404 268 869 64
10 0 0 368 183 539 393 562 0
>11 0 103 2570 263 5280 749 4290 0
Total 2269 103 98,138 830 12,556 35,803 24,541 115
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153,000 g/km2; Table 2) varied greatly among stations. The
highest abundance was found at 32�58 0N, 138�00 0E near
the Kuroshio flow path. Densities of plastic were low in
coastal regions and in areas south of 31�30 0N (Fig. 1B).
Both surface currents and winds could be responsible for
the dispersal of plastics away from the source area on land
(Ryan, 1988). Although Ryan (1988) observed a decrease
in the abundance of plastics with distance from shore off
southwestern South Africa, our results showed the oppo-
site pattern, with plastic densities being an order of magni-
tude higher �150 km offshore (�1 · 105 pieces/km2) than
they were near the coast (�1 · 104 pieces/km2). Plastics
were especially abundant around 32–33�N, where the
Kuroshio Current flows (Fig. 1A). Hence, our results give
solid evidence for the hypothesis of Day and Shaw (1987)
that the Kuroshio Current plays a role in transporting
and distributing plastics all over the North Pacific Ocean.

Fragments of plastic products and plastic sheets were
recorded at 55% (42 of 76 stations) and 54% (41 of 76 sta-
tions), respectively, of the stations. Plastic resin pellets were
found at 20% of the stations. Fragments of plastic products
were dominant numerically, consisting 56% of all plastic
pieces that were collected (Table 1). Styrofoam was the sec-
ond most abundant material (21% of all plastic pieces). In
contrast, resin pellets constituted a minor component of
the plastic collected (1% of all plastic pieces). These propor-
tions of fragments of plastic products and plastic resin
pellets were similar to those observed in the North Pacific
Central Gyre (Moore et al., 2001). However, the propor-
tion of styrofoam was higher in the Kuroshio Current area
(21% of all plastic pieces) than in the North Pacific Central
Gyre (1%; Moore et al., 2001). This difference is probably
related to the fact that styrofoam absorbs water, loses
buoyancy, and sinks during the long time it takes to drift
into the North Pacific Central Gyre.

The size of plastic pieces ranged from 1 mm to 280 mm.
The dominant size-class was 3 mm (30% of all plastic
pieces; Table 1). In contrast, pieces of plastic >11 mm rep-
resented only 8% of all plastic. Surprisingly, smaller plas-
tics of size-class 1–3 mm formed a numerically dominant
component (62%) of all marine plastic debris. Although
there is little information on the size of plastics in the ocean
(Shaw and Day, 1994; Moore et al., 2002), Moore et al.
(2001) also found that small plastic (<2.8 mm) was the
most common size (87% of all plastic pieces) in the North
Pacific Central Gyre. In earlier studies, plastic debris sam-
pling was sometimes conducted by visual observation from
ships (e.g. Matsumura and Nasu, 1997). However, such an
observation cannot provide accurate information on the
size and weight of the plastics. Therefore, monitoring the
distribution and abundance of plastic debris, especially
small plastic, with neuston nets must play an important
role in future studies.

Published data on the abundance and mass of floating
plastic in the North Pacific Ocean is summarized for com-
parison with the present results (Table 2). Obviously, the
abundances of plastics in Moore et al. (2001) and theT
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present study are approximately one to two orders of mag-
nitude greater than those reported in 1970s and 1980s,
respectively. In addition, the mean mass of plastics in this
study was greater than has been reported in the subtropical
North Pacific Ocean in 1970s (300 g/km2) and 1980s
(535 g/km2). As concluded by Day and Shaw (1987), the
abundance of floating plastic debris has continued to
increase in the North Pacific Ocean since the 1970s.
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