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Summary

Microplastics (MP) can cause damage to ocean ecosystem. The environmental problems due to MP contamination
is attracting worldwide attention. In this study, the survey was conducted to clarify the origin of MP obtained on various
beaches of Sagami Bay from the viewpoint of chemical adsorption. There was no clear difference in the amount of Per-
fluorinated Compounds (PFCs) adsorbed on various MP materials. PS foam with a large surface area adsorbed more
PFCs per unit weight than resin.

The amount of PFOS adsorbed on the MP collected on Kugenuma beach downstream Hikiji river, where PFOS con-
centration in the water sample was relatively high, was higher than that adsorbed on the MP collected from the other two
beaches. The total rainfall for one month before sampling in autumn was higher than the annual average, and the amount
of PFCs adsorbed on the MP in autumn was lower than that in other seasons. The amount of PFOS adsorbed on the MP
was high in the river downstream from the middle of the Hikiji River.

Partition coefficient (Kd) of PFOS that obtained from the elution test used the collected MP was higher than the
valve by adsorption test for unused MP. Apparent Kd of PFOS by the MP on Kugenuma beach and the river water at
Hujimi bridge of Hikiji river was the same order as the valve that obtained from the elution test used the collected MP.

It has been clarified that the MP fragments flowed into the Hikiji river were adsorbed with PFOS and flowed down,
and they were drifted to the Kugenuma beach.
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720 F72, MP O PFCs OWAEYE R UNEERS MP 12075 L 72 PFCs
HHPEICOWTHRERL, JI7KkH 0 PFCs @ MP ~O W1, MP
o OEHEE £ % LT PFCs O A 5 b AHIEE O MP O E 74 H
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Table 2 Operation conditions for LC/MS/MS

(1) HPLC conditions (Shimadzu Nexera X2)

Column Acquity UPLC™ BEH Shield RP18
(1.7 pm, 2.1 mm % 100 mm)

Mobile phase A: 5 mM Ammonium acetate water solution

B: Acetonitrile
Gradient 80 %A and 20 %B(0.5 min)-(liner gradient 4.5 min)-5 %A and 95 %B(3 min)
Flow 200 pL/min
Oven temperature 40 C
Injection volume 5 ul

(2) MS/MS conditions (Shimadzu LCMS-8050)

Tonization mode

Negative-ESI

Interface Voltage 4kV
Heat block temperature 400 C
Interface temperature 300 C
Desolvation Line temperature 250 C
Drying gas 10 L/hr
Heating gas 10 L/hr
Nebulizer gas 3 L/min
(3) MRM monitor ion
Analyte Surrogate
MW m/Z m/Z
Precursor Product ion QL Precursor Product
ion Quantification Confirmation (ng/mL) ion ion
PFHxS 400.1 399.0 > 80.1 98.9 0.06
PFHpS 450.1 449.0 > 80.1 98.9 0.08
PFOS 500.1 499.0 > 80.1 98.9 0.06 CsPFOS 507.0 > 80.1
PEFNS 550.1 549.0 > 80.1 98.9 0.06
PFDS 600.1 599.0 > 80.1 98.9 0.07
PFHxA 314.1 313.1 > 269.0 119.0 0.11
PFHpA 364.1 363.1 > 319.0 169.0 0.10
PFOA 414.1 413.1 > 369.0 169.0 0.11
PFNA 464.1 463.1 > 419.0 169.0 0.15
PFDA 514.1 5131 > 469.0 169.0 0.09 ¥Cs"PFOA 4151 > 370.0
PFUnDA 564.1 563.1 > 519.0 169.0 0.09
PFDoDA 614.1 613.1 > 569.0 169.0 0.09
PFTrDA 664.1 663.1 > 619.0 169.0 0.11
PFTeDA 714.1 713.1 > 669.0 169.0 0.10
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\ (A Takahamadai beach
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©Kurihama beach

(D Samukawa wear (Sagami river)

@ Banyu bridge (Sagami river)

@ Miyanoshita bridge (Koide river)

@ Fujimi bridge (Hikiji river)

(® Morisaki bridge (Hirasaku river)
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Fig. 1 Sampling points in this study
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##2, PENUPPIZBLZ500mg, PS7+—21EBL#F 70mg %
&, KX, PFCs W& O 7% WA RS IZA H+8 T PFCs
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Fig. 2 Experimental scheme for elution test
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K OKH PRCs 2% (Cyaer) & VYT MP /K5 FEAREL (Kd) % K
KU L0k, MR OFERNNC L 72,

Kd = CMP/Cwatcr (1)

F 72, BHERERTIS SN 72 PFOS @ Kd &, L7z MP U8
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Fig. 3 PFASs and PFCAs amount on MP in Sagami Bay

The PFOS used in the figure above refer to ()
The PFCAs in the figure down refer to (J) PFHxA, (l) PFHpA, (l) PFOA, () PENA, (O0) PFDA, () PFUnDA, () PFDoDA, () PFTrDA,

(I) PFTeDA
% : MP was not detected.
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% : MP was not detected.
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PFCs amount on MP in river water

Sagami river

Hirasaku river

(DBanyu bridge ©Morisaki bridge
2018/8/28 2018/12/14 2019/2/6 2019/3/14 2019/6/20 2019/10/10 2018/11/30 2018/12/26 2019/1/24 2019/3/26 2019/6/28 2019/10/2
(Shonanbrg)  (Shonan brg)
PE PP PE PP PE 23 PE PP PE PP PE PP PE PP PE PP PE PP PE 23
(ngle) (nglg) (nglg) (nglg) (ngl)  (ngl) (ngf) (nglg) (nglg) (ngle) (nglg) (ngl®) (nglg) (nglg) (g g (ngl) (ngle) (ngl) (nglg)
(PS and PS foam were (S and PS foam were  (PS and PS foam were  (PS and PS foam were  (PS and PS foam were  (PS and PS foam were (PS and PS foam were  (PS and PS foam were  (PS and PS foam were (P and PS foam were
not detected.) not detected.) not detected.) not detected.) not detected.) not detected.) not detected.) not detected.) not detected.) not detected.)
PFHxS <qL <qL <qL <qL <qL <qL <qL <qu <qL <qL <qL <qL <qL <qL <qL <qL <qL <qL <qu <qL
PFHpS <qL <qL <qL <qu <qL <qL <qL <qu <qL <qL <qL <qL <qL <qL <qL <qL <qL <qL <qL <qL
PFOS <QL <QL <qL <QL <qL <qL <qL 33 38 07 43 34 <qL <qL <qL <qL <qQL <qL <qL <qL
PENS <qL <qL <qL <qu <qL <qL <qL <qu <qL <qL <qu <qL Notditected < <qL <qL <qu <qu <qL <qu <qL (Not
PFDS <qL <aL <qL <qL <qL <qL <qL <qL <qL <qL <qL <qL PEPP.PS  <QL <qL <qL <qL <qL <qL <qL <qL t;jf;;daf;i
PFHxA 1 74 <QL <QL <QL 17 73 <QL 27 07 33 30 and P foam) <QL 34 <QL 85 <QL 31 15 <L PSfoam)
PFHpA 39 <qu <qL <qu <qL 15 33 30 14 06 16 <qL <qL 35 70 43 92 0.7 10 <qL
PFOA <qu <qu <qL <qL <qL <qL 12 29 7.3 <qL 39 <qL <qL <qL 1 <qL <qL <qL <qu <qL
PFNA <qu <qL <qL <qu <qu <qL <qL 28 2.3 <qu <qL <qL <qL <qu 14 <qu <qL <qu <qL <qu
PFDA 5.7 42 48 27 <QL 5.7 <QL 13 07 <QL <qL <QL 45 32 46 25 <qL <QL 11 02
PFURDA 40 22 32 <qu <qL <qL <qL <qQL 04 01 <qu <qL 2.9 21 46 <qu <qu <qL <qL <qL
PFDoDA <qL <qu 15 34 <qL <qL <qL <qu 05 <qL <qL <qL 66 60 71 <qu <qL <qL <qu 02
PFT:DA <qL <qL <qL <qu <qL <qL <qL <qu <qL <qu <qL <qL <qL <qL 84 <qu <qL <qL <qL <qL
PFTeDA <qL <qL <qL <qu <qL <qL <qL <qL <qL <qL <qL <qL <qL <qL 5.1 <qL <qL <qL <qu <qL
* :QLare listed in Table 2
Hikiji river Hikiji river Hikiji river
©Nakamura bridge ©Wakamiya bridge ishikawaokada bridge
2019711 20197772 2019/10/18 20197411 20197772 2019/10/18 20197411 20197772 2019/10/18
PE PP Ps PE PP PS PE PE PP PE PE  PSfoam PE PP PSfoam
(nglp) (nglg) (nglp) (ng/g) (nglp)  (nglp) (nglp) (nglg) (ngl®) (ng/g) (nglg) (ngl®) (ng/g) (nglg) (nglp)
(PP, PS and
(PS foam was ot detected) (PS foam was not detected) oy @S oS loamere P m (PR and P wore ot (PS was not detected)
detected) detected.)
PFHxS <qL <qL <qL <qL <qQL <qL <qL <qu <qQL <qL <qQL 7.0 <qL <qQL <qL
PFHpS <qL <qL <qL <qL <qu <qL <qL <qL <qL <qL <qu <qL <qL <qu <qL
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PFNS (Not <QL <QL <qL <QL <QL <QL (Not ditected <qL <QL <qL <QL <qL <qL <qL <qL <qL
PFDS ditected PE, _qp, <qL <qu <qL <qL <qL PE PP, PS <qL <qL <qu <qL <qL <qL <qL <qL <qL
PP, PS and and PS
PFHxA PS foam) 45 85 <qQL 13 35 01 foam) 11 78 42 0.4 a1 27 10 60 52
PFHpA 40 26 <qL 13 30 01 10 86 6 06 26 31 06 43 51
PFOA <qL <qu <qL 1 57 01 12 31 36 07 100 50 10 <qu <qL
PENA <qL <qu <qL <qL <qu <qL 10 26 <qL 07 100 <qL <qL <qu <qL
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* :QLare listed in Table 2.
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ot detected) detected.) detected.)
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PFOS 18 26 22 12 19 9.3 52 44 13 56
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PFHpA 5.1 <qu 62 83 <qu <qL 2 20 9.4 14
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* :QLarelisted in Table 2.
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Fig. 6 PFCs concentration of river water
The PFASs used in the figure above refer to ([J) PFHxS, () PFHpS, (Il PFOS
The PFCASs in the figure down refer to ([J) PFHxA, () PFHpA, () PFOA, (ll) PFNA
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Fig. 9 Apparent Kd of MP in Kugenuma beach
The value used in the figure above refer to (O) result by max value of river water concentration, (.) result by min value of river water concentration,

and in figure down refer to (D) result by kugenuma beach sea water
%: MP was not detected.
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