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2.1.
2.1.1,
(
2-1
2-1
(Kihn et al.(2015)!
C )
* o 1
(Phoebastria albatrus)
* o 12
(Uria aalge)
$ 5 (@) 34
(Caretta caretta)
$$ o 10
(Lepidochelys kempii)
$$ o 7
(Lepidochelys olivacea )
"8 o 30
(Chelonia mydas mydas)
$ 55 o 17
(Eretmochelys imbricata)
(IUCN ) o 5
(Natator depressus)
$$ ) 27
(Dermochelys coriacea)
* o 2
(Dugong dugon)
* 2
(Enhydra lutris)
14
( )
)
*: + IA B *: I $$: IUCN

1 Kuhn, S, Rebolledo, E. L. B., van Franeker J. A.: Deleterious effects of litter on marine life, (Marine Anthropogenic Litter,
Bergmann, M., Gutow, L., Klages, M., 468, Springer), pp. 75-116 (2015).
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(Procellariidae)
(Roman et al., 2019&%)

( )
(Puffinus carneipes) 145

(Fulmarus glacialis)
Ryan et al. (2009)3

36%

2- 2 (Campani et
al., 2013% Hoarau et al., 2014%; Clukey et al., 2017°)

2 Roman, L., Bell, E., Wilcox, C., Hardesty, B. D., Hindell, M.: Ecological drivers of marine debris ingestion in Procellariiform
Seahirds, Scientific Reports, 9, 916 (2019a).

3 Ryan, P. G., Moore, C. J.,, van Franeker, J. A., Moloney, C. L.: Monitoring the abundance of plastic debris in the marine

environment, Philosophical Transactions of the Royal Society B Biological Sciences, 364(1526), 1999-2012 (2009).

4 Campani, T., Baini, M., Giannetti, M., Cancelli, F.,, Mancusi, C., Serena, F., Marsili, L., Casini, S., Fossi, M. C.: Presence of
plastic debrisin loggerhead turtle stranded along the Tuscany coasts of the Pelagos Sanctuary for Mediterranean Marine,
Marine Pollution Bulletin, 74(1), 225-230 (2013).

5 Hoarau, L., Ainley, L., Jean, C., Ciccione, S.: Ingestion and defecation of marine debris by loggerhead seaturtles, Caretta
caretta, from by-catches in the South-West Indian Ocean, Marine Pollution Bulletin, 84, 90-96 (2014).

6 Clukey, K. E., Lepczyk, C. A., Baazs, G. H., Work, T. M., Lynch, J. M.: Investigation of plastic debrisingestion by four species
of seaturtles collected as bycatch in pelagic Pacific longline fisheries, Marine Pollution Bulletin, 120, 117-125 (2017).
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2-2

N(C ) () (9
31( ) Campani et
(Carettacaretta) (e al. (2013)*
<40 cm CCL 18 17.50 + 0.86 + 0.59
_________________________________________________________ 2461 |
> 40 cm CCL ) 4 20.89 + 3.02+4.73
_________________________________________________________ 3867 |
9 ND ND
32( )| 4109+7.22 | 16.4+285 | Hoarau et
(Caretta caretta) (1 149) (0.18 al. (2014)°
___________________________________________________________________________ 75.05)
9 452+14.4 | 188+4.71
(6 141) (4.27
___________________________________________________________________________ 45.56)
23 395+85 | 154+ 356
(1 149) (0.18
75.05)
37 41.5+56.0 | 6.80+7.89 | Clukey et
(Lepidochelys ( (1 314) 0 369 |al(2017)°
olivacea)
58t58amoct | ||
) 10 93.8+83.6 | 195+17.2
(Chelonia mydas mydas) (0 248) 0 447
L9+52emcct | ||
5 81.6+92.7 | 29.4+33.8
(Caretta caretta) 0 201 0 693
889+38amCCL |l
3 ND ND
(Dermochelys coriacea)
746+133omCCL
CCL: curved carapace length ( ) +SD
( )
2016 1 2 30
(Physeter macrocephalus) 22
22 9
(Unger et al.,
2016")

7 Unger, B., Rebolledo, E. L. B., Deaville, R., Grone, A., 1J3ssdldijk, L. L., Leopold, M. F., Siebert, U., Spitz, J., Wohlsein, P,
Herr, H., : Large amounts of marine debris found in sperm whales stranded along the North Sea coast in early 2016, Marine

Pollution Bulletin, 112, 134-141 (2016).
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(Alepisaurus ferox) 44 32 1 5.0
1999 2004
44
(1995)8
(296 31 )
340 216 (66%)
3.6
( , 2005°)
( )
(Larus crassirostris)
25.8%
14 20 42 876 5 5 7 14
8
(31 ) 25.8%
(Gavia arctica) (Larus canus) (Phalacrocorax carbo) (Nycticorax

nycticorax) (Puffinus tenuirostris) (Larus ridibundus)
( , 201119
(Morus bassanus) 62.854-26.84
469.19g(
) 8 525 (Votier et
al., 20111
( )
6 12 47 1 8
16.7  61.5%( 40.0%) ( 46.8%)
2011 6 4
), 67-74 (1995).

8 . , (

9

7, 1-13 (2005).
10 ,

11 \otier, S. C., Archibad, K., Morgan, G., Morgan,

Alepisaurus ferox

1.
), 4, 25-33 (2011).
L.: The use of plastic debris as nesting material by a colonial seabird and

associated entanglement mortality, Marine Pollution Bulletin, 62, 168-172 (2011).
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(Pleuronectidae) 35% (Cottidae) 33%

12 45 ( , 2012%2)
( )
186
1962 2012
135 80 (59%)
29% 2015
90% 2050 99% 95%
(Wilcox et al.,
2015%)

IUCN (The International Union for

Conservation of Nature) (2018)'
BirdLife (BirdLife International) (2018)*>  OBIS (2018)%°

(Woods et al., 2019%)

2.1.2.

1 20.4% 93 100%
(Procellariiformes)

12

, 78(6), 1187-1189 (2012).

13 Wilcox, C., van Sehille, E., Hardesty, B. D.: Threat of plastic pollution to seabirdsis global, pervasive, and increasing,
Proceedings of the National Academy of Sciences of the United States America, 112(38), 11899-11904 (2015).

14 JUCN: The IUCN Red List of Threatened Species: Spatial Data Download (2018),

https.//www.iucnredlist.org/resources/spatial -data-downl 0ad(2020.02.07 )
15 BirdLife International: BirdLife Data Zone (2018), http://datazone.birdlife.org/species/requestdis(2020.02.07 )
16 OBI'S (Ocean Biogeographic Information System): Intergovernmental Oceanographic Commission of UNESCO (2018),
www.iobis.org(2020.02.07 )

17 Woods, J. S., Redder, G., Verones, F.: An effect factor approach for quantifying the entanglement impact on marine species of
macroplastic debris within life cycle impact assessment, Ecological Indicators, 99, 61-66 (2019).
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51 1,733 van Franeker
(2004)18 AIC(Akaike Information
Criterion: )
(Roman et al., 2019b%)

(Ryan et al., 2009°)

(Roman et al., 2019&9)

(Procéllariiformes)

Diomedea Thalassarche
(Ryan et al., 2016%°) (Calonectris
diomedea) (Codina-Garciaet al., 20132 (Fulmarus glacialis) (Acamporaet al.,
2016%%) (Puffinus tenuirostris) (Roman et al., 2016%)
( )
90% (Codina-Garciaet al., 20132%)
2010 (n=102 ) 2012 (n=27 )
2
(Puffinus tenuirostris)
67%
399

18 van Franeker, J. A.: Save the North Sea Fulmar-Litter-EcoQO Manua Part 1: Collection and dissection procedures, Alterra-
rapport, 672 (2004).

19 Roman, L., Hardesty, B. D., Hindell, M. A., Wilcox, C.: A quantitative analysis linking seabird mortality and marine debris
ingestion, Scientific Reports, 9, 3202 (2019b).

20 Ryan, P. G, de Bruyn, P. J. N., Bester, M. N.: Regional differencesin plastic ingestion among Southern Ocean fur seals and
abatrosses, Marine Pollution Bulletin, 104(1-2), 207-210 (2016).

21 Codina-Garcia, M., Militéo, T., Moreno, J., Gonzédez-Solis, J.: Plastic debrisin Mediterranean seabirds, Marine Pollution
Bulletin, 77, 220226 (2013).

2 Acampora, H., Lyashevska, O., van Franeker, J. A., O’'Connor, |.: The use of beached bird surveys for marine plastic litter
monitoring in Ireland, Marine Environmental Research, 120, 122-129 (2016).

23 Roman, L., Schuyler, Q. A., Hardesty, B. D., Townsend, K. A.: Anthropogenic debris ingestion by avifaunain eastern Australia,
PLoS ONE, 11(8), e0158343 (2016).
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(Acamporacet al., 2014%*)

( )
( , 2016%)
32
51 1,733
518 2,468 27 32
( 53 ) 1,733 12
5
5 (Roman et al., 2019b%)
(surfacefeeder)
(Nevitt, 2000%)
10
( , 2019%)
( )
60 36
(Ryan, 19872%%)
(Phoebastria immutabilis)
58.2%
(18.8%) (1.2%) ( , 2003%)
( )
14 50%

2 Acampora, H., Schuyler, Q. A., Townsend, K. A., Hardesty, B. D.: Comparing plastic ingestion in juvenile and adult stranded

short-tailed shearwaters (Puffinus tenuirostris) in eastern Australia, Marine Pollution Bulletin 78, 63-68 (2014).
25 .

, 66, 51-68 (2016).
% Nevitt, G.A.: Olfactory foraging by Antarctic Procellariiform seabirds: life at high Reynolds number, Biological Bulletin, 198,
245-253 (2000).
27 , : ( )’
30 , 45 (2019).
2 Ryan, P. G.: Theincidence and characteristics of plastic particlesingested by seabirds, Marine Environmental Research, 23,
175-206 (1987).
29 .

.1, 13-20 (2003).



246
706

AlIC
14
50% (Wilcox et al., 2018%)

(McCauley and Bjorndal, 1999°")

(Katsanevakis, 2008%)
(Greenpeace,
20063, Bjorndal et al., 199434 (Nutrient
/ Dietary dilution)

(McCauley and Bjorndal, 1999*)

(Chelonia mydas mydas) (Caretta caretta)

2007 2015

35.7%(10 /28 )  846%(11 /13 )
25 /125 )

(10 /10 ) ( ;15.8+334
g ;39.8+51.2 g) (1.6+£37¢9 ;9.7+15.0 g)
( 10 6
60 52.5 ) 46
23 (61.8%)
( ) (16.7%)

(Fukuokaet al., 2016%)

30 Wilcox, C., Puckridge, M., Schuyler, Q. A., Townsend, K., Hardesty, B. D.: A quantitative analysis linking seaturtle mortality
and plastic debrisingestion, Scientific Reports, 8, 12536 (2018).

31 McCauley, S. J., Bjorndal, K. A.: Conservation implications of dietary dilution from debris ingestion: Sublethal effectsin
post— hatchling loggerhead sea turtles, Conservation Biology, 13(4),925-929 (1999).

32 Katsanevakis, S.: Marine debris, a growing problem: sources, distribution, composition, and impacts, (Marine Pollution: New
Research, Hofer, T. N., Nova Science Publishers, New York), 53-100 (2008).

33 Greenpeace: Plastic debris in the world's oceans, Amsterdam (2006).

3 Bjorndal, K. A., Bolten, A. B., Lagueux, C. J.: Ingestion of marine debris by juvenile seaturtlesin coastal Florida habitats,
Marine Pollution Bulletin, 28(3), 154-158 (1994).

35 Fukuoka, T., Yamane, M., Kinoshita, C., Narazaki, T., Marshall, G. J., Abernathy, K. J., Miyazaki, N., Sato, K.: The feeding
habit of seaturtlesinfluences their reaction to artificial marine debris, Scientific Reports, 6, 28015 (2016).
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( ) (Caretta caretta)
13.22%
(12.39%) (9.09%)
333
1z 17 (14.04%) (n=
91 ) (n=30 )
(n=333 )
(Cameddacet al., 2014%)
( )
Baulch et al. (2014)%
48 ( 56%) 31%
0 22%
(Baulch and
Perry, 201437
(Pontoporia blainvillei)
89 14 (15.7%)
(Sotalia guianensis)
77
1 (1.3%) (di Benedttto and Ramos, 2014%)
( )

3 Camedda, A., Marra, S., Matiddi, M., Massaro, G., Coppa, S., Perilli, A., Ruiu, A., Briguglio, P., de Lucia, G. A.: Interaction
between loggerhead sea turtles (Caretta caretta) and marine litter in Sardinia (Western Mediterranean Sea), Marine

Environmental Research, 100, 25-32 (2014).

7 Baulch, S., Perry, C.: Evaluating the impacts of marine debris on cetaceans. Marine Pollution Bulletin, 80, 210-221 (2014).
38 di Beneditto, A. P. M., Ramos, R. M. A.: Marine debris ingestion by coastal dolphins. What drives differences between
sympatric species?, Marine Pollution Bulletin, 83, 298-301 (2014).
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Allen et al. (2017)*° 2

1 (
(PET)
) ( 500 1,000 pm)
2
( 125 1,000 pm) 1
1 7
10 1
2
3 5
2.1.3.
( )
91.7%
85.7% ( )
2001 2005 5 454 31 9
(Uria aalge)
(Larus occidentalis)
(Mooreet al., 2009%)
2001 2006
(Pelecanus occidentalis) (Larus spp.) (
(Zalophus californianus) (Mirounga anqustirostris)
(Phoca vitulina)) 9,668
11.3% 1,090
61.9% ( )

(Dau et al., 2009*)

3 Allen, A. S., Seymour, A. C., Rittschof, D.: Chemoreception drives plastic consumption in ahard coral, Marine Pollution
Bulletin, 124, 198-205 (2017).

4 Moore, E., Lyday, S., Roletto, J, Litle, K., Parrish, J. K., Nevins, H., Harvey, J., Mortenson, J., Greig, D., Piazza, M.,
Hermance, A., Lee, D., Adams, D., Allen, S., Kell, S.: Entanglements of marine mammals and seabirdsin central California and
the north-west coast of the United States 2001-2005, Marine Pollution Bulletin, 58(7), 1045-1051 (2009).

4 Dau, B. K., Gilardi, K. V., Gulland, F. M., Higgins, A., Holcomb, J. B., Leger, J. S., Ziccardi, M. H.: Fishing gear-related injury
in Californiamarine wildlife, Journal of Wildlife Diseases, 45(2), 355-362 (2009).
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(
) 1 2 1998 2001
88 (Caretta caretta) 3
(Chelonia mydas mydas) 2 (Dermochelys coriacea) .
24.73% (Oréset al., 2005%)
WWF 2004 40
(Eretmochelysimbricata) 30
(Lepidochelys olivacea)5 (Chelonia mydas mydas)2
(Dermochelys coriacea)l 2
(White, 2006 ; Katsanevakis, 2008%2)
( )
(Callorhinus ursinus) 15%
3 25
(Fowler, 1987 cited in Gofii, 1998%)
2000 2007
(Eumetopias jubatus)
386 54%
30% 7% 7% 2%
. (49%)
(Fowler 1987%; Zavadil et al., 2007°) (Perez, 2006%)

(Raum-Suryan et al., 2009*)

(Monachus schauinslandi)

(Abandoned, lost or

42 QOr6s, J., Torrent, A., Caabuig, P, Déniz, S.: Diseases and causes of mortality among sea turtles stranded in the Canary Islands,
Spain (1998-2001), Diseases of Aquatic Organisms, 63, 13-24 (2005).

4 White, D.: Marine debris in northern territory waters 2004: WWF Australia, WWF-Australia,Sydney, (2006).

4 Fowler, C. W.: Marine debris and northern fur seals: a case study, Marine Pollution Bulletin, 18(63), 326-335 (1987).

4 Gorii, R.: Ecosystem effects of marine fisheries: an overview, Ocean and Coastal Management, 40, 37-64 (1998).

4 Zavadil, P. A., Robson, B. W., Lestenkof, A. D., Holser, R., Malavansky, A.: Northern fur seal entanglement studies on the
Pribilof Islands in 2006, 56 (2007).

47 Perez, M. A.: Analysis of marine mammal bycatch data from the trawl, longline, and pot groundfish fisheries of Alaska, 1998
2004, defined by geographic area, gear type, and catch target groundfish species., NMFS-AFSC NOAA Technical
Memorandum, 167, 194 (2006).

4 Raum-Suryan, K. L., Jemison, L. A., Pitcher, K. W.: Entanglement of Steller sealions (Eumetopias jubatus) in marine debris:

Identifying causes and finding solutions, Marine Pollution Bulletin, 58, 1487-1495 (2009).
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otherwise discarded fishing gear, ALDFG)

(Donohueet al., 2001%°) 1988 2014
297 83  (28%) ALDFG
2 (Gobush
et al., 2017°°)
( )
4% 89%
( ) 8
o 4 8 159
124,000 ( > 50 mm)
6 (
)
( )
4%  89% ( )
8
(Lamb et al., 2018°%)
(Udyawer et al., 2013%?) (Hamer et al.,
2013%; Page et al., 2004°%) (Waluda and Staniland, 2013; Lawson et al.,
2015%; Cosgrove et al., 2016°) (Rebolledo et al., 2013%)

4 Donohue, M. J., Boland, R. C., Sramek, C. M., Antonelis, G. A.: Derdlict fishing gear in the Northwestern Hawaiian Islands:
Diving surveys and debris removal in 1999 confirm threat to coral reef ecosystems, Marine Pollution Bulletin, 42(12), 1301-
1312 (2001).

50 Gobush, K. S., Wurth, T. A., Henderson, J. R., Becker, B. L., Littnan, C. L.: Prevalence of interactions between Hawaiian monk
seals (Nemonachus schauinslandi) and nearshore fisheriesin the main Hawaiian Idands, Pacific Conservation Biology, 23(1),
25-31 (2017).

51 Lamb, J. B., Willis, B. L., Fiorenza, E. A., Couch, C. S,, Howard, R., Rader, D. N., True, J. D., Kelly, L. A., Ahmad, A., Jompa,
J., Harvell, C. D.: Plastic waste associated with disease on coral reefs, Science, 359, 460-462 (2018).

52 Udyawer, V., Read, M. A., Hamann, M., Simpfendorfer, C. A., Heupel, M. R.: First record of sea snake (Hydrophis elegans,
Hydrophiinae) entrapped in marine debris, Marine Pollution Bulletin, 73(1), 336-338 (2013).

5 Hamer, D. J., Goldsworthy, S. D., Costa, D. P, Fowler, S. L., Page, B., Sumner, M. D.: The endangered Australian sealion
extensively overlaps with and regularly becomes by-catch in demersal shark gill-netsin South Australian shelf waters,
Biological Conservation, 157, 386-400 (2013).

5 Page, B., Mc-Kenzig, J.,, Mclntosh, R., Baylis, A., Moarrissey, A., Calvert, N., Haase, T., Berris, M., Dowie, D., Shaughnessy, P.
D., Goldsworthy, S. D.: Entanglement of Australian sealions and New Zealand fur sealsin lost fishing gear and other marine
debris before and after Government and industry attempts to reduce problem, Marine Pollution Bulletin, 49(1-2), 33-42 (2004).

5 Waluda, C. M., Staniland, |. J.: Entanglement of Antarctic fur seals at Bird Idand, South Georgia, Marine Pollution Bulletin,
74(1), 244-252 (2013).

% Lawson, T. J., Wilcox, C., Johns, K., Dann, P, Hardesty, B. D.: Characteristics of marine debris that entangle Australian fur
seals (Arctocephalus pusillus doriferus) in southern Australia, Marine Pollution Bulletin, 98(1-2), 354-357 (2015).

57 Cosgrove, R., Cronin, M., Reid, D., Gosch, M., Sheridan, M., Chopin, N., Jessopp, M.: Seal depredation and bycatch in set net
fisheriesin Irish waters, Bord lascaigh Mhara Irish Sea Fisheries Board (2016).

58 Rebolledo, E. L. B., van Franeker, J. A., Jansen, O. E., Brasseur, S. M. Plastic ingestion by harbour seals (Phoca vitulina) in
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(@]
(@]
( )
(@]
o ( )
2.2.
2.2.1.
100
80%
(GESAMP, 2016%)
10 ym ( )
(RFP) 1 10 pum
(PLGA)
(NR8383 )
RFP PLGA 1pm
6um 10 um (Hirotaet al., 2007%)

(Filonetal., 2015%; Leeet al.,
2019%; Pitt, 2018%3; Al-Sid-Cheikh et al., 2018%; Rossi et al., 2014%)

The Netherlands, Marine Pollution Bulletin, 67(1), 200-202 (2013).

59 GESAMP-Working-Group40: SOURCES, FATE AND EFFECTS OF MICROPLASTICS IN THE MARINE
ENVIRONMENT: PART 2 OF A GLOBAL ASSESSMENT, GESAMP REPORTS & STUDIES No. 93, (2016).

80 Hirota, K., Hasegawa, T., Hinata, H., Ito, F,, Inagawa, H., Kochi, C., Soma, G., Makino, K., Terada, H.: Optimum conditions
for efficient phagocytosis of rifampicin-loaded PLGA microspheres by alveolar macrophages, Journal of Controlled Release,
119(1), 69-76 (2007).

61 Filon, F. L., Mauro, M., Adami, G., Bovenzi, M., Crosera, M.: Nanoparticles skin absorption: New aspects for a safety profile
evaluation, Regulatory Toxicology and Pharmacology, 72, 310-322 (2015).

62 | ee, W. S,, Cho, H. J, Kim, E., Huh, Y. H., Kim, H. J, Kim, B., Kang, T., Lee, J.S., Jeong, J.: Bioaccumulation of polystyrene
nanoplastics and their effect on the toxicity of Au ionsin zebrafish embryos, Nanoscale, 11(7), 3173-3185 (2019).

63 Pitt, J.: Developmental and cross-generational distribution and toxicity of polystyrene nanoparticlesin zebrafish (Danio rerio),
Honors Theses, 128 (2018).

64 Al-Sid-Cheikh, M., Rowland, S. J., Stevenson, K., Rouleau, C., Henry, T. B., Thompson, R. C.: Uptake, whole-body
distribution, and depuration of nanoplastics by the scallop Pecten maximus at environmentally realistic concentrations,
Environmental Science & Technology, 52, 14480—14486 (2018).

65 Ross, G., Barnoud, J., Monticelli, L.: Polystyrene nanoparticles perturb lipid membranes, The Journal of Physical Chemistry
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(Revel et al., 2018%%)

2.2.2.
( Mugil
cephalus)
05 1mm 43% 01 O5mm 23%
(Avio et al., 2015°%")
3
(Engraulis encrasicolus)  80% 124 um 438
pum
(Collard et al. 2017%)
4 ( (Platycephalus indicus) (Saurida
tumbil) (Sillago sihama) (Cynoglossus abbreviatus))
( ) (Penaeus semisulcatus)
828
5
100 250pum
250
500 um (Abbasi et al., 2018%)
(4 16um 0.519g/l)
(Mytilus edulis)
48 12
(Browne et al., 20087)
(Brachionus koreanus) 0O 01 1 10 20pg/mL

(005 05 6um) 24

Letters, 5, 241-246 (2014).

6 Revel, M., Chétel, A., Mouneyrac, C.: Micro (nano) plastics: A threat to human health?, Current Opinion in Environmental
Science & Health, 1, 17-23 (2018).

67 Avio, C. G., Gorbi, S., Regoli, F.: Experimental development of a new protocol for extraction and characterization of
microplastics in fish tissues: First observationsin commercia species from Adriatic Sea, Marine Environmental Research, 111,
18-26 (2015).

88 Collard, F., Gilbert, B., Compere, P, , Eppe, G., Das, K., Jauniaux, T., Parmentier, E.,: Microplasticsin livers of European
anchovies (Engraulis encrasicolus, L.), Environmental Pollution, 229, 1000-1005 (2017).

6 Abbasi, S., Soltani, N., Keshavarzi, B., Moore, F., Turner, A., Hassanaghaei, M.: Microplastics in different tissues of fish and

prawn from the Musa Estuary, Persian Gulf, Chemosphere, 205, 80-87 (2018).

70 Browne, M. A., Dissanayake, A., Galloway, T. S., Lowe, D. M., Thompson, R. C.: Ingested microscopic plastic translocates to

the circulatory system of the mussel, Mytilus edulis (L.), Environmental Science & Technology, 42, 5026-5031 (2008).
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0.05um

P
(multixenobiotic resistance)
4,4- (BDE-47)
(Jeong et al., 2018™)

2.2.3.
1
( ) ( )
(Setdla et al.,
201473
( )
_ (Culex pipiens) 2 2pm  15um)
(0 50 100 200 MPs/mL)
2um 15 pm
(Al-
Jaibachi et al., 20197)
(Culex pipiens) (Chaoborus
flavicans)
(Cuthbert et al., 201974
5
2
( | 505 pm I
160 pm) 16

1 Jeong, C.-B., Kang, H.-M., Leg, Y. H., Kim, M.-S,, Leg, J-S., Seo, J. S., Wang, M., Lee, J.-S.: Nanoplastic ingestion enhances
toxicity of Persistent Organic Pollutants (POPSs) in the monogonont rotifer Brachionus koreanus via Multixenobiotic Resistance
(MXR) disruption, Environmental Science & Technology, 52(19), 11411-11418 (2018).

72 Setdld, O., Fleming-Lehtinen, V., Lehtiniemi, M.: Ingestion and transfer of microplastics in the planktonic food web,
Environmental Pollution, 185, 77-83 (2014).

73 Al-Jaibachi, R., Cuthbert, R. N., Callaghan, A.: Examining effects of ontogenic microplastic transference on Culex mosquito
mortality and adult weight, Science of the Total Environment, 651(1), 871-876 (2019).

74 Cuthbert, R. N., Al-Jaibachi, R., Dalu, T., Dick, J. T. A. Callaghan, A.: The influence of microplastics on trophic interaction
strengths and oviposition preferences of dipterans, Science of the Total Environment, 651, 2420-2423 (2019).
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70%
I 125 pm 167 pm

| 5% 15% 34% 49% 120% I
8% 21% 47% 60% 143%

I 41 /md ] 1315 /m?
(Sunet al., 20177)
(Mytilus edulis)

1,000

K
97%
9 8
(Salmo trutta) 68%
1kg
1,000 (Karlsslon
etal., 20177°)
o 30 S -2
77

( ), 2018 2020

30 31

> 8un, X., Li, Q., Zhu, M., Liang, J., Zheng, S., Zhao, Y.: Ingestion of microplastics by natural zooplankton groupsin the
northern South China Sea, Marine Pollution Bulletin, 115, 217-224 (2017).

76 Karlsson, T. M., Vethagk, A. D., Almroth, B. C., Ariesg, F., van Velzen, M., Hassellov, M., Ledlie, H. A.: Screening for
microplastics in sediment, water, marine invertebrates and fish: Method devel opment and microplastic accumulation, Marine
Pollution Bulletin, 112(1-2), 403-408 (2017).

w 30 S -2
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(@]
(@]
(@]
2.3.
2.3.1.
( )
(GESAMP, 2016)
ECHA (European Chemicals Agency: )
Bessdling et al. (2019)"°
LOEC (SSD: Species Sengitivity Distribution)
LCso 2-3 HCs (Concentration of 5% of species) 1.67
Ua/L (95% :0.086  32.6 pug/L) (ECHA, 2019 &)
78 ) , 28 (2018),
http://feis.fra.affrc.go.jp/publi/setotsuu/setotsuu28.pdf(2020.03.25 )

7 Besseling, E., Redondo-Hasselerharm, P., Foekema, E. M., Koelmans, A. A.: Quantifying ecological risks of aguatic micro-
and nanoplastic, Critical Reviews in Environmental Science and Technology, 49(1), 32-80 (2019).

80 ECHA: ANNEX XV RESTRICTION REPORT PROPOSA FOR A RESTRICTION, SUBSTANCE NAME: intentionally
added microplastics, (2019).
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2- 3ECHA

LCso ECso LOEL NOEC
04-57 5-172 69x10°-2x10° 0.02 - 400
(mg/L) 235 0.04-01 69x10°-18x10* 0.4-313
- - 9.1x10%-25x10° 2x103%-510
/ - - - 700
(9kg DW) - - - -
- - 0.1-100 0.3-100
ECHA(2019)%° Everaert et al. (2018)%!
(<5 mm) 2100 96 /md
488 Im?
50
6,650 /m®
( )
2100
32 144
kg
21
(540 /kg- )
(Everaert et al. 2018%%)
2.3.2.
1) 2)
( ) 3) 4)
S)
(GESAMP, 2016™)
2017 11 22
(de Saet al., 2018%%)
Thompson Reuters database, |SI, Web of Science microplastics
1,637 157
(
)
1

81 Everaert, G., van Cauwenberghe, L., Rijcke, M. D., Koelmans, A. A.: Risk assessment of microplasticsin the ocean: Modelling
approach and first conclusions, Environmental Pollution, 242, 1930-1938 (2018).

8 deS4 L. C., Oliveira, M., Ribeiro, F., Rocha, T. L., Futter, M. N.: Studies of the effects of microplastics on aquatic organisms:
What do we know and where should we focus our effortsin the future?, Science of the Total Environment, 645, 1029-1039
(2018).
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2 (800 1,600 pm)
(443 ) (169 )

612 106 (17%)) (
19 (3%))

(Koelmans et al., 2016%) 2-4
(Sussarellu et al., 2016®*  Supplementary Materials
) mg/L
mg/L Sussarelluet al. (2016)%*

8 Koelmans, A. A., Bakir, A., Burton, G. A., Janssen, C. R.: Microplastic as a vector for chemicalsin the aguatic environment:
Critical review and model-supported reinterpretation of empirical studies, Environmental Science & Technology, 50, 3315-3326
(2016).

8 Sussarellu, R., Suquet, M., Thomas, Y., Lambert, C., Fabioux, C., Pernet, M. E. J., Goic, N. L., Quillien, V., Mingant, C.,
Epelboin, Y., Corporeau, C., Guyomarch, J., Robbens, J., Paul-Pont, |., Soudant, P., Huvet, A.: Oyster reproduction is affected
by exposure to polystyrene microplastics, Proceedings of the National Academy of Sciences, 113(9), 2430-2435 (2016).
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2-4

(Sussarellu et al. (2016)%*  Supplementary Materials )
o 6 (12
(mg/L) (um)
(1) 5.33 > 333
2) 0.073 | 732 g/km? > 333
(3) 3.02 | 30169 /km? > 333
(4) 0.697 Danube( ) > 500
B)| 162 89 mg/kg- > 0.45 PU PA PS PE
dry weight
6)| 100 0.03 PS
200
300
(1) | 2,500 1 80 HDPE
(8) | 1,500 <100 PS PE
9) 0.22 - <0.07 PS
150
(10) 0.0184 1 5 |PE
0.184
(11) 0.216 1 5 |PE
(12) 0.023 2,6 PS

(2) Gilfilan et al. (2009); (2) Eriksen et al. (2013); (3) Mooreet al. (2001); (4) Lechner et al. (2014); (5) Reddy et al. (2006);
(6) Wegner et al. (2012); (7) Von Moos et al. (2012); (8) Avio et al. (2015); (9) Bessaling et al. (2014); (10) Oliveriaet al. (2013);
(12) Luiset al. (2015); (12) Sussarellu et al. (2016)

* PU PA PS PE HDPE
( )
(Brachionus koreanus)
0.05pum 0.5 pum 6 um
(MAPK)
6um
24 0.05 pm
0.5 um 48
Invitro MAPK
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(Jeong et al., 2016%)

2 um 6 um
(PS)
PS
( 2 um 6 um; 0.023 mg/L) 2
( )
2 (-38%) (-5%)
(-23%) D-

41% 18%

(Sussarellu et al., 2016%%)

(Idotea emarginata)

1mm
(
1 100 um 20 2,500 pm )
I. emarginata I. emarginata
6
l.
emarginata 1pum

I. emarginata

(Hamer et al., 2014%)

8 Jeong, C.-B., Won, E.-J., Kang, H.-M., Lee, M.-C., Hwang, D.-S., Hwang, U.-K., Zhou, B., Souissi, S, Leg, S.-J, Leg, J.-S.:
Microplastic size-dependent toxicity, oxidative stress induction, and p-INK and p-p38 activation in the monogonont rotifer
(Brachionus koreanus), Environmental Science & Technology, 50, 8849—8857 (2016).

8 Hamer, J., Gutow, L., Kohler, A., Saborowski, R.: Fate of microplastics in the marine isopod Idotea emarginata, Environmental
Science & Technology, 48(22), 13451-13458 (2014).
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(Daphnia magna) 300 um 1,400

um (
D. magna 1 5mm) D.magna
( 62 1,400 pm 31 528 um 1
21.5 pm) 48
24
D. magna ()
48
D. magna 24

(Jamec et al., 2016%7)

)

(zebrafish _Danio rerio) (8.0 um

/mg) > (1.7 yg/mq) > (0.5 ug/mq)
D.rerio 3 ( @15 um 10 30um 25 um)
(20mg/lL 24 ) SOD D-Lac IL-1a
(Qiao et al. 2019%)
(Hyalella azteca)
( )
10 H.azteca LCso 4.64x10*
/mL 7143 /mL 42

(Auet al., 2015%)

2003 2005 (Puffinus
tenuirostris)99

99.5% 18.0% 62.1% 28.2%

87 Jemec, A., Horvat, P, Kungj, U., Bele, M., KrZan, A.: Uptake and effects of microplastic textile fibers on freshwater crustacean

Daphnia magna, Environmental Pollution, 219, 201-209 (2016).

8 Qiao, R, Deng, Y., Zhang, S., Wolosker, M. B., Zhu, Q., Ren, H., Zhang, Y.: Accumulation of different shapes of microplastics
initiates intestinal injury and gut microbiota dyshiosisin the gut of zebrafish, Chemosphere, 236, 124334 (2019).

8 Au, S.Y., Bruce, T. F, Bridges, W. C., Klaine, S. J.: Responses of Hyalella azteca to acute and chronic microplastic exposures,
Environmental Toxicology and Chemistry, 34(11), 2564-2572 (2015).
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151429 0.226+-0.185¢
0.04% 0.896g 0.21%
ABS
(PC/ABS)

(Yamashitaet al., 2011% )

(Daphnia magna)
( 4.1 + 1.0 um) (
63 um 26+ 1.8 pum)
( 44+ 1.1 pm)

1% 4% ( 4 96)
2 (Ogonowski et al.,
2016°%)
(Carassius auratus) (
) 50
(0.18 0.21g 3mm)
15 6
6
( 50 0O 3 )

(Grigorakiset al. 2017%)

( ) 20 (Decapterus muroadsi)
16 (80%) 1 5

(Ory et al.,

2017%)

% Yamashita, R., Takada, H., Fukuwaka, M., Watanuki, Y.: Physical and chemical effects of ingested plastic debris on short-tailed
shearwaters, Puffinus tenuirostris, in the North Pacific Ocean, Marine Pollution Bulletin, 62(12), 2845-2849 (2011).

91 Ogonowski, M., Schiir, C., Jarsén, A.., Gorokhova, E.: The effects of natura and anthropogenic microparticles on individual
fitnessin Daphnia magna, PLoS ONE, 11(5), 0155063 (2016).

92 Grigorakis, S., Mason, S. A., Drouillard, K. G.: Determination of the gut retention of plastic microbeads and microfibersin
goldfish (Carassius auratus), Chemosphere, 169, 233-238 (2017).

% Ory, N. C., Sobral, P, Ferreira, J. L., Thiel, M.: Amberstripe scad Decapterus muroadsi (Carangidae) fish ingest blue
microplastics resembling their copepod prey along the coast of Rapa Nui (Easter Island) in the South Pacific subtropical gyre,
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2016 4 6 3 ( 10 19 35
km) (>10 mm) (n=347) 2.9%
66%

(p <0.05) (p<0.01)
(Steer et al., 2017%%)

(Procellariiformes) (
(DMS) CHsSCHs3)
(Nevitt et al., 1995%; van Buskirk and Nevitt, 2008%;

Savoca and Nevitt, 2014%)

DMS
(4 6mm)
19 21
DMS DMS
(Savocaet al., 2016%)
( )
(15 30 pm) 1pum 3
( )

(Calanus finmarchicus)
C. finmarchicus

Science of the Total Environment, 586, 430-437 (2017).

9 Steer, M., Cole, M., Thompson, R. C., Lindeque, P. K.: Microplastic ingestion in fish larvae in the western English Channel,
Environmental Pollution, 226, 250-259 (2017).

% Nevitt, G. A., Veit, R. R., Kareiva, P.: Dimethyl sulphide as a foraging cue for Antarctic Procellariiform seabirds, Nature, 376,
680-682 (1995).

% van Buskirk, R. W., Nevitt, G. A.: The influence of developmental environment on the evolution of olfactory foraging
behaviour in procellariiform seabirds, Journal of Evolutionary Biology, 21(1), 67-76 (2008).

97 Savoca, M.S., Nevitt, G. A.: Evidence that dimethyl sulfide facilitates a tritrophic mutualism between marine primary
producers and top predators, Proceedings of the National Academy of Sciences of the United States of America (PNAS), 111(11),
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% Savoca, M. S, Wohlfeil, M. E., Ebeler, S. E., Nevitt, G. A.: Marine plastic debris emits a keystone infochemical for olfactory
foraging seabirds, Science Advances, 2, €1600395 (2016).
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(Vroom et al., 2017%)

( )
( 2 um 500 nm
50nm COOH-50 nm NH2>-50 nm) (Crassostrea gigas)
3 ( )
NH2-50 (ECs0=4.9 ug/mL) (ECs0=0.15 pg/mL)
(Tallec et al., 2018'%)
24
(ANOVA p<0.01)
(ANOVA p <0.01) (Crassostrea gigas)
( 3 24 ) 70nm 20 pm
(r=095 p<0.01)
1
pMm 10 pm 8 100 MP/mL
C. gigas (Cole and Galloway, 2015'%%)
2.3.3.
de Saet al. (2018) &
de Saet al &
(Coturnix japonica) 3 mm
FO F1 F1

% Vroom, R. J. E., Koelmans, A. A., Bessding, E., Halsband, C.: Aging of microplastics promotes their ingestion by marine
zooplankton, Environmental Pollution, 231, 987-996 (2017).
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Pont, 1.: Nanoplastics impaired oyster free living stages, gametes and embryos, Environmental Pollution, 242(B), 1226-1235
(2018).
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Technology, 49, 14625-14632 (2015).
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(Roman et al., 2019¢'%)

(North Pacific Central Gyre) 670 35%
2.1+578
7 cm
1 7
(Myctophum aurolaternatum) (Symbolophorus californiensis) 6.0+
8.99 7.2+8.39 (Boerger et al., 2010'%)
(@]
104 ( ), 2019/4~2022/03
( 0.1 5,000 um) ( 1 100
nm)
OPLASTRAT 205 ),
Christian Schaum (Universitat der Bundeswehr Miinchen, ), 2017/9~2020/8
GC/GC/MS
oMikroPlaTaS 18( ), Katrin
Wendt-Potthoff (Helmholtz-Zentrum fir Umweltforschung, ), 2018/1~2020/12
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104
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106 MikroPlaTaS: Microplasticsin Dams and Reservoirs: Sedimentation, Spread, Effects, https.//www.uni-
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2-5

(mm) | (nggplastics) (ng’g-piaaiis (I0-50),51
PCBs POPs PE,PP,PS 0.1 35 | ND-5,000 240 | 1,2, 3,4,5,
6,7,809,
10, 11, 12,
13, 14, 15,
16
DDTs POPs PE, PP, PS | - ND - 7,100 88113512,
13, 14, 15
HCHs POPs PE 15 0.14-112 20 | 10, 12,13
Chlordanes POPs PE, PP - 4.29-14.2 -3
HCB POPs PE, PP - 124-175 -3
Mirex POPs PE, PP - 6.48 - 14.6 -3
PBDEs POPs PE, PP ND - 16,444 412 | 8,16, 17,18
35
HBCDs POPs PS 1 5 0.06 - 512 - 119
PFAASs POPs - 2 6 0.01-0.18 - 20
PAHs (POPs) PE,PP,PS|1 35 |ND-12000 1,355 | 1,5, 6,8,
10, 12, 14,
16, 21
PE, PP ND - 729.7 284 | 8, 16
A 75 35
PE, PP 1 35 ND - 16,000 2,660 | 8, 11, 16
2 3)
PE, PP ND - 154 40 | 8
157 10
UV-320 - - 2.3 - 320 ng/g-dry wt. -122 2
uv-327 PE, PP, 2 80 | ND-1,130,000 995,000 | 23, 24
PEPD
Deca-BDE PP 2 30 | 1,100,000 - |23




TE

1

2 22 ( ) ng/g-dry wt. UV-320 326 327 328 uv
)JGESAMP(2016) @a )
0 POPs POPs
PCBs: Polychlorinated biphenyls; DDT: Dichlorodiphenyltrichloroethane; HCHs: Hexachlorobenzenes, HCB: hexachlorobenzene; PBDEs: Polybrominated diphenylethers; HBCDs:
Hexabromocyclodecane; PFA As: Perfluoroalkyl acids; PAHs: Polycyclic aromatic hydrocarbons; UV-320: 2-(2H-1,2,3- -2- )-4,6- -tert- (CAS 3846-
71-7), UV-327: 2-(3,5- -tert- -2- )-5- , Deca-BDE: Totd of BDE-202, -197, -203, -196, -208, -207, -206, -209; POPs: Persistent

organic pollutant.
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(Rainbow fish Melanotaenia fluviatilis)
0 21 42 63 2 (
) PBDEs 21
PBDEs
(115 pg/g wet weight/day)

BDE-99(5 )

(Wardrop et al., 2016'%)

PCB 11 15
(PCB)
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PS-MP
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