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Microplastic-mediated exposure of chemicals to fish and shellfish : modeling and
prediction
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In mussels from Tokyo Bay, on average, 5 pieces of microEIastics were
detected in their digestive tract. Fragments were dominant over fibers. Polyethylene and
ethylene-propylene co-polymers were dominant. MP with size range from 20 to 80 micrometer was
majority. Incubation experiments indicate 4 days to 8 days of residence time of MP in the digestive
tract. If concentrations of persistent organic pollutants (POPs) would reach to equilibrium,
MP-mediated exposure of POPs would be negligible. On the other hand, concentrations of some
chemicals such as additives with high hydrophobicity would be far beyond the equilibrium,
MP-mediated exposure of the chemicals could be important.

PCBs



# X C—19, F—-19—-1, Z2—19, CK—19 (JtmH)

1. WFIEEHAR S W) DY 5

W1ET 7 AF v 710 X DUEPETG Y X i ER
B ORMBEL 72 > TV 5 (UNEP Yearbook
2014), 7T AF v 7 1TEEHAFREE I X0 AL
L. A 7077 AxAF v 7 Bmm LTFOTZ
AF w7 )elpo TN, AT T AF v
JVTWEE D BB OARIR O AEMITELY A
NTWNDZERFEINTWD, FFiZ, MEE
Me L TARBERLANENSDO~Y A 70
TAF w7 OB HE S, BOLEL W
IRTHEINTVD, Fx bHEFETHE
ZT/NRIE (BE 7 F A4 UY) OFELEN
5 100pm~500 pm D KE XD~ A7 a7
A F v 7 % L7z (Tanaka and Takada,
2016), ZDOY A ADTZAF v 7 IKIT e b
NERZLELTHT T AF v 7 BIRITHE S
N, 77 AF v 7 AIROEEREETSE 2 12<
W, L22L, WEIXII oD~ 77T A
F v T IIREBIOEREIN TV D HEELS
WENRe hREISNDZETH D, WBEE
BT o~A 70T T AF v 7 ICHER(LS
WMENGHESND Z L%, Fox N ERIC IR
ITH 5232 LT & 7= (Tueten et al., 2009), ~
AT TAF v I EELWENE e MR
RIFEZIX, TR0 OFE(EWEI HIRE
INBZ LT/ D, HARMEOKE A PCBs @
&9 AT E HEALE N CHEAIRIZ IS T
WX ARNICRIRE D Z L2/ b, — T,
bt RI~vA 7T TRF v 7 UANDNL— R
OHEEMFEMEICBRZEINTEY, v( 71
TITAF 7RO EREN, bbb
OB DEDMD L — MIEHRT EDR
EDOHRGZFOONEHLMNIT L ENYL
EThD,

2. WEDOBEK
ARFFETlE, DR O B 2 56212, BN
R B IR & B CORIERREEMAE D,
~ AT T AF v S & Lz POPs B
O EENZFNT 5, I OICHEREE
ET ML, FRTHEIT S,

3. WD ik

ARFZE T, IR < A LAERERTE
BB OEREIZOWTOARLLEERL T Y
XA HA (Mytilus galloprovincialis) % %5 L
L7z, WFFRIZZFEBED 7 4 — 0 RITEER T 5
MEHEILENDO~A 7 a7 T AF v 7 &M
E. _HBOHEEEBRICLD~A 70T TR
F v 7 OELENOHERFOHEE, BLO
ETNVHBILLD~A 70T TRAF v 7 &
& L7= POPs Mg D BB D 3 55
Bk Ehns,
1) HEE LCTERBOT A LV 2016 F2»
5 2017 FITHTFTERRENTZLTHXAH
A (7 ML 45 3R E 2, BREF oS Sk

SE LT A A OGHTEEZLUFICE T, 3 EHE
HILC—B R L= Db, ] L NIESLT
iR - AESFRR - AL 2 L O TR 2 B o 1
L7z, 0.2g~43g OWEL A AdL7z 50ml /31
7 WZ 10%KOHaq % PIRBERIZ X L C 10 5 &
WL, 40CIZERFF L7223 & 48 B[, #RE 5
BRIZNT TR LT, orfiRi% O iA % 100ml
KBRS FRE A 15ml 2 AV THROA
A, 4 RHERICTHE L, 20%T)E
10ml(Fr.B) %, #7225 53R F 2ot L AL,
BRI DS IR > TW5D L8 FrA 24T
BRI ANE (AT VL ARF—)b, LR
10um) THMB L, 7 4 VX — BTk & it
L7, FrB IZi% Nalag(d=1.45g/cm®)% 15ml il
Z T 13g/em’ & L, 4 B[ & % (Fr.B
£1.30g/cm’), TJ& 10ml 248 7 4 /L% — Tl
Sl A Uk -2 % L7z, FrA,FiB 51572
TANE— T v — 2 LB FTIR %
MV, MP Z[AE - E& L7z, L EoFERTTIE
BT D MP DR & FEERIEFE O F M2
K& EZ(27~300um), HE (1.0~1.5)DHE7e 5K
UxF L (PE)E—R%& A H AU LRk
L7, 27um LA LD PE B — XD ELRIL 90%
UbETHoTz, BEIZOWTIE 1.5 UL EDKL
T1X 83%LL LM I N2 EE 1.05~1.30 D
BRI CH D 2 Enbhote, 5%,
Z OB & - B E 3 5 1A O ST
DLE T D, BN 3 #H O RSD T 9%LL
NTH-o7-,

2) A HAMLBEND~A /a0 T FAF 7
DOUFE R OHEE 1L, FkO#E I TR I
7290, 10, 1~ 272> DORYZAFLLOE
— REAHH LT BEAE I B — X% 15000
iz 3 R L%, BBx 522 n0E
L#EX 1 HBXICEIXL, Eho~vsrnE
— XA BMEBE T eI L7 (Fig.l),

Fig.l. E—XREEE

3) ATV XA TAITLDBKMERIE Y
BHOWY IAH KR OERIZBIT L2~ 70T
2AF w7 (MP) DHFEEDT Ry 7 AET )V
MOHEE L7, £ /L1E Morrison et al. (1996)
DAEMERET VI MP OIEZBIN L, 5



L7, ETF/ATIEWEORY ALK (BIFE
He) . AWK (=), MP ® 3 2/Lb— KT
EBEDE Lz, 2L K, 72, MP D
3OFNLTiThbhb & Lz, WEITH M
PECRE DRI CE 2 & LT, AWK
TIXEWIRED 50%23H L - RIRS ., 72D
MW7 LTHEY>END EIE LTz, —H,
MP Ik EnTFo T eI hsd L
2o KN TOWERZHOM S ITWE = L ICEE
'ﬂﬂfoﬁ*ﬁnfﬁ“ ‘gf&)éi)) ZIKE'T'#LT i*}]ﬂ\}qﬁt
it LT, HILEST ZI2BT 2ME DA
X<, K, 7o MP IV ARy 7 &
WTIEEIZEL T LSS D EIRE L
77o BOEREIT Koy S BT D E LT (R
128, fEH LR T0NT A —2 OfEiX
Table 1 (ZF & 70, /XT A —ZEITHE BN
FEBELMTH D,
ETNTIEIRVIAZEE (mg/d) ZLLFO
Kozt Lz,
KA Uy = Cy Gy Ey
F AR R Ug = Cy, Koy Gy M, o4 Eg
MP i H U, =Cy K,y Gy M, 6, E,
FIREIZHEE D E (mg/d) IZLLTD X 91
sl L7=,
KA Dy = Cy/Kiw Gy Ey
7 UREH Dr= Gy M o (1-0) Eg Co/(Kpw/Key)
MP #H D, =Gy M, 6, E, Co/(Kpu/Kpy)
“@DﬂﬁLfiU‘U+m+w\@wﬁ
OﬁFiD Dy, +Ds+D, & L, WEEY iAS
B DK, FAERA. MP OHE51XENE
hUMLmMJMU&LT%%LtOLﬁ&
FKONRT A —=HEEHW, EFIRE (U=D)
IR D EMERR (BAF=Cy/C,) ZitH
L7,

4. WA
1) Fig2 £V ZHHFB D MP@HE T - ©— X))
20~40pm N—FEZL L, THIIEETH DY 7

T PUDRESITENZHEEZBND,

FIRENRKELS RDITFEREUTIAD LD
8] & 2p o 72, FLARIEK X D U PE, PEP A3
%2 <, WM ICEET DA TAHOAEBEREE
R LTS R L o Te, WRHEIRD MP T
AR MPIZEERTA 722 < Z DOFEIL PET
DRF% HOHTUWT,

60

[DAS BPEVA mPU OPET BPE BPEP BPP|

m
i3
o
Q
o
o 20
= !
.

& \ \' &
Length (pm) v

Fig2. ASYFAHANBRFOIA(IOTSRAFY
IDYA X5

MP D A e K T & - 72 ) IR h o i 412
SOWNT, 1ikH7=0 3ong D~A 77T A
F v 7 BEILENICHEET D LRI
CRIBE 50 ~A 7 1 v ERE),

2V ABEFEBROMER . 1~ 70D —X 3,
LT XATA PR AT & 24 FFFLINIZ
FEAEEEHEND Z LR bhoTz, LinL,
50 H £ TR D 7 o s AT E 2 ST
ZEnD, BEYRMLENIC L EF D arRetk
MEZ BN, 10 vA 7k 90 v1f 71
YOE—=XE, FHMNMT T ET L
LTHEEH SN Z EnNoy, FEAEDYE
— ZOHEHIZIE. 4 H~8 HUNICEEH SR
7= (Fig.3),

Uptake ¢
1
4 14
&
5 soo0
Z eoon
S 4000
2 2000 L
l

Fig.3 FBEADIHD 10um ERE—XDE
DAL

3) WEITHEAKITI T AR K
MP YK DB ICE L TVWDH & WD &~
FUVAEREL, sHEZITo72, ZTOBEO%
AR DKREL Y A B HE~D % 5% Figd (TR
L 72 Log Kow<5 TIEAKBEH DL Y A 23 5k
L. log Ko, @ EH-& & I AR HE N
BRL TV ZEDNDNDH,MP D% 513K
TH 1% THY ., BAF ~DOEEBITIZIER) -
72 (K 1%), ZiE MP Ok hFE1EEE
BT AR T OZENLY HILAH NN &
WRKTH 5,

WAL LT MP IZIRA L TV D WE I3
HFK & OV NS FRINDIEE LY H0
BRETMP IZHFEETDLZENH D, o T
DTV A TIE MP FIRE Z WK & O FAjR
EIVE<EEL, PHIRE LY ENEZTE
W& MP OFGDNARERERLMHEE L, b
DRD U LRIy (=MP R ERE
HEK & ONHRED MP FRJRE) 2 U, y OfE
& MP OFBHELY A B FE~D %5 O BfR % HE
& L7 (Fig.5) . mBUKMEYE (log Kow>6) Tl
y =100 T MP & ] AR D% 5 F iﬂ&
FEIZ720  y = 1000 TAEY A EE~DH
G0 80%LL HIZET 5, —F7, IRBUKMEYE
(log Kow<d) TILHFNZKD B DEL Y IAH DK &
R EEZ 5D 5720, y=1000 T MP D%



Hl3<10%TH D,
ARFZECHE L= Y A Tld MP HihY
WE IR & O E CThIX MP @
mbﬁﬁﬁﬁm®%5iﬁﬁf%\é%%&
DI NE N2 D, —F, ININFIHE
TMP¢®§%$@£D@6%K%wV&
LIZH Y, S BITHWEOBUKMENIERIZE W
ﬁmwmiﬁ R R R T RRRIEDN B D
FEHLIEET L, N7 2= F0T b
72 bDTHY, SLRDHMFENRMLETH D,

Table 1. ETNIRNT A —H
GRRZ -1
WK PATF R E IR T Cw B [mg/L]
A FTA TR Co K &V 35 [mg/L]

* o B 7= KRS Kow
AL/ IR AR AR Ksw

103706 10°
0.1 Kow [kg/L]

£ KBRS Kow  0.02 Kow [L/L]
MP /7K 53 Bl E#L Kpw  Kow [kg/L]

2 i B Gy 60 L/d

WEAK AT A PR B M 20 mg/L

Wi MP B M, 0.01 mg/L

o AERLT O R os 1

MP Ofifi/g % p 1

TRIFHE & DY A= Ew 1
F AR & OB AR Ed 1

MP & OWEAZ BN E, 1
U ABRLF DAL hER a 0.025
AR FE O B 0.5

KIBFH ——(TABNTIRE =———32Fv5

120%

100%
80%
60%
40%
20%

0%

BRYRAHEE~ADFSE

3 4 5 6 7 8 9
log Kow
Fig4. K. [FTABHF.MP DEYAHRE~
NEHES
100% log Koy,

80%

60%

40%

20%

MPDBIRYAHEEADE S

0% WM
1 10 100 1000

Figh. MEMNBKEFETHIREICHDBZED
MP DERYAHEE~NDEFE

51 Sk

Morrison, H. A.; Gobas, F. A. P. C.; Lazar, R,;
Haffner, G. D., Development and Verification of a
Bioaccumulation Model for Organic Contaminants
in Benthic Invertebrates. Environ. Sci. Technol.
1996, 30, (11), 3377-3384.

5. TRBEKIRILFH

(WFFEARFKE . WFFE HE K ONEHEATJE 3 12
)

CdERERm ) (B 144)

1. K. Tanaka and H. Takada “Microplastic
fragments and microbeads in digestive tracts of
planktivorous fish from urban coastal waters”
Scientific Reports, 6, 1-8, 10.1038/srep34351
(2016) (&EHEAH V)

(Ea#EE] G5 1)
1. S. Endo; Y. Matsuura, “Toward the prediction of
sampling rates: Sorption and permeation properties
of membrane filters used for aquatic passive
samplers, SETAC Europe, Brussels, Belgium
(2018)

2. mHME, @AY, SHBE “HHP
~A 70T T AF v 7 (MPYaHTIEORKFE %
@lgﬁﬁ” %27 Eaz'ifmiﬁ'ﬂﬁ%nfuﬁﬁx, (EF‘@. 5
H 23 H(2018)

3. H. Takada “Occurrence of wide-range of
additives in marine plastics and their exposure to
marine organisms” The second International
Symposium on Marine Microplastic Pollution and
Control, Shanghai, China, Apr. 24, (2018). ¥ f%:#
T8

4. H. Takada “Marine plastics and microplastics :

Threat to marine ecosystem” WESTPAC2017,
Qingdao, China, Apr. 17, (2017).FFF3#H

5. HHRJEE, MR, S HAEE, (LTE %
¢v47m77x%/7¢®§mﬁﬁ%@m
WEOSH R OBIEICB T~ A 70T T A
F v 7ROV A7 #5258 H AREREAL
FRtama, #riE, 6 A 9 H(2016)

6. WFFCRHRR

(OAFFEREE

M F5E (TAKADA, Hideshige)

BB TRY - REEBLEArseR - 2d% -
W5 E &5 70187970

(2)531*.7%:/\1:5 %

= %5 (ENDO, Satoshi)
KIRMNEKRS: - T 7 « T =27 K
7 v U R

785 : 30748934

£ E JR¥ (INOUE, Koji)



WK - RRIBEERFIEAT « 2%
WFgesE&5 1 60323630

KJII E+ (MIZUKAWA, Kaoruko)
W TR « REBERZER - Bh
WFgedE &5 : 50636868

(4) B ety 113
ARt B¢ (KAKUMURA, Azusa)



