.ﬁ.u-lri#’
% MEIE =N i:"-ll"?s‘r" 1IN
N EZREFYNRE m,
& )/
a'&,h _"\f"@ NATIONAL MARINE ENVIRONMENTAL MONITORING CENTER

The Alteration of Toxicity in Marine Organisms by Micro and

Nanoplastics, Co-existing with Typical Organic Chemicals

Speaker: Prof./Dr. Ying WANG/ZE = (wangying@nmemc.org.cn),

Organization: National Marine Environmental Monitoring Center (NMEMC),
Ministry of Ecology and Environment (MEE), China
HESHIRER Bl EFEHIR MR

Date: 30 October, 2014

Honolulu, USA PICES Meeting 2024 Oct 26-Nov 1, 2024


mailto:wangying@nmemc.org.cn

ElZRiEF IR il

NATIONAL MARINE ENVIRONMENTAL MONITORING CENTER

* AT 5 A 7
b 1 ¥ g f
~ Sl 1
g\f\ﬁ\]f } X _//" " i\d
.{I»WJ . j
R R Pl
B .
O

L_ocation of
Dalian

: '»_-%1‘:':1’3:1-:&‘:2‘:&#?':;?&-3 ;:_—_:,—,—::

et Lhbliidiaisdiosannisd ) ! — :
:-m_'.,_,sb;- r-rrtm«g-ﬁlm :yryﬂmi nr 4
»

i PO & = 4y
4 " i R o — L
RS ¢‘!_9'M"' 5 }' e, I "

T .
o !-! s

e :

: v ol oA

e

S ":I "
: =

National Marine Environmental Monitoring S i _
Center (NMEMC) : : : : .
=t \ Xinghaiwan bridge, Dalian, Liaoning

0% 3 R =II'Q-:I-II ny N —e AS A
EREFFRENTC BiSTAR, A&, IF

Oct 26-Nov 1, 2024 2

Honolulu, USA PICES Meeting 2024



ElZRiE IR bl

NATIONAL MARINE ENVIRONMENTAL MONITORING CENTER

Introduction

‘3 » Microplastics: > Small size
./ lpm-~5mm > High bioavailability
- > Nanoplastics: <1 pm | 5 potential ecological risks
Sources Ubiquitous in the Marine Environments

e

,,,, g ? . Atrposphere
theocean feaked o the enironmert PRSES ‘w A 4 '\ \. : SnE.)w) .
e e - > MNPs in the
Wadden Sea gy
» Polymers: PET, |l Fi
............. - B g?;:,:"m

Environ. Sci. Technol. 2022, 56, 15, 10818-10828; Sci Total Environ, 2022, 846:157371.
Biol Lett 2017, Environ. Sci. Technol. 2023, 57, 6799-6807; Environ. Sci. Technol. 2017, 51, 13689—-13697.
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Tt WUptake by Aquatic Organisms and Adverse Effects of MNPs

MPs: Accumulation in intestine of NRs: Accumulation in yolk of
marine medaka adults medaka larvae
\‘S*wﬂ

histop
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Interaction of organic micropollutants with MNPs

Pore-filling
~~_ Interactions

Hydrogen
bonding
interactions

Hydrophobic

O
o o o\

interactions

Electrostatic
interactions

Cation ligand
interactions

Van der Waals
interactions

/" NPs/MPs

properties
Polymer types
Particle size
Functional groups
Weathering
Surface area

\__ Plastic additives /

Sci Total Environ, 2021, 797: 149140. Environ. Int. 2021, 149, 106367

s

s

The h
characteristics of
organic
micropollutants

' ™\
Environmental
factors

Salinity

Functional groups
Hydrophocity
Concentration

J

Ionic strength
pH value

Dissolved organic
matter

Factors
influencing the
adsorption of
organic
micropollutants
on
Nano/microplas
tics

e J

Honolulu, USA
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Toxicity alteration of individual MNPs or Organic Chemicals

Aquatic organism
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| ® [}
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| .... ) 6
1 ®e® > Fish©®
: ATs @ Zooplankton
1 Phytoplankton
|
|
|
I ' 4 < . Fol]
I R ’#m ~Organisms in.
| ‘o o® > G upper layer :
1 I\
1 \ 4
I Reduced
1 bioaccumulation
: Deposition
|
: - & < Benthic
organisms

| i
I I11;

v
! Enhanced
: bioaccumulation
|
|
|
|
|
|
|

Honolulu, USA

+ | Detoxification

P
oS - AR ) I
.. &l — v Reduced bioaccumulation
om®e

B~

Enhanced toxnclty

MPs (larger size)

N

Reduced toxicity

il

° Ln_@y_c_g ROS—> Oxidative stress

MSOD/C'ounter

~ Neurotoxicity | |

(V)xrlrdatrirvre stress |
/’ " . = Enhanced toxicity
3 :

o ——>

(s ENhanced bioaccumulation
T Inhibit] ‘

>0

genes
“““““““““““““““““““““““““““ ——= Reduction
Enhancement
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e

- Knowledge gaps remain regarding the toxicity alterations and underlying -
mechanisms of MNPs coexisting with polar or non-polar chemicals.

» polar compound » non-polar compound

Bisphenol A

(BPA), a typical EDC

N

» First, which compounds will govern the overall toxicity of the mixture at
environmentally relevant concentrations?

» Second, how will the bioavailability and toxicity of each chemical be altered after
their interaction?

Honolulu, USA PICES Meeting 2024 Oct 26-Nov 1, 2024 7
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Introduction

Contents lists available at ScienceDirect

Chemosphere
> Case l Chemosphere
]:_Lb]:\;lt];{ journal homepage: www.elsevier.com/locate/chemosphere
L)
Bisphenol A decreases the developmental toxicity and histopathological Tisd

alterations caused by polystyrene nanoplastics in developing marine
medaka Oryzias melastigma

Fuwei Yu™ b, Fei Jin b, Yi Cong L‘, Yadi Lou b, Zhaochuan Li b, Ruijing Li b, Baojun Ding®
Ying Wang b, , Jingwen Chen ®, Juying Wang o

Arch Environ Contam Toxicol, 2019, 76, 246-254. M“’; o

Reprod Toxicol, 2008, 25 (2): 177-183.

|

l : : I ;
: * hypothalamic- 11 @
| . |
| : pItUItaI'y- : : HOOH ——C—E-— I
| gonadal-liver | R
I . axis . BPA + PS- NPs:
: i » growth, P ,
: : developm_ent and: | | — !
. :......reproduction ... : - - f? .
: Molecular mechanism Adverse effects ; : Toxicity g :
| P

: N :

Honolulu, USA PICES Meeting 2024 Oct 26-Nov 1, 2024 8



Experimental Design

50 nm PS-NPs (55 pg/L)

w Dutch Wadden Sea
<200 nm 4.2 ng/L

(Materic, et al., 2022)

BPA + PS-NPs) Oryzias melastigma
o™ X Z on 21 dpf

BPA (100 pg/ L) Turkish Seas, 15 pg/L

(Ozhan and Kocaman,
HO OH 2019)

Control Filtrate PS-NPs
S

i;i/$ﬂ- %JI:II:EI == L)

NATIONAL MARINE ENVIRONMENTAL MONITORING CENTER

Toxicity at individual

) Histopathological
level for early life stages

alterations
hatching, survival, body

length, deformities liver and heart of larvae

Transcriptomic analysis Interaction of NPs and
by RNA-seq BPA
analyzing DEGs and key Accumulated
pathways involved nanoplastics in larvae

BPA BPA+PS-NPs

— 55 pg/L
100 pg/L 100 pg/L

Honolulu, USA PICES Meeting 2024 Oct 26-Nov 1, 2024



Adverse Effects on Medaka
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Individual: hatching, survival and deformities

100 -
200 Hatching rate =+;
Heart rate - 9 Time to hatch
1 17 —
180 so b
E 16 -
5 160 g @
= P s8¢
2 g 3 b b
:140I - = o <
E = 40 + :
£ ol | ab E EVr
E I % b _ b = c 2l
% U
100 g 20
11
80 0L
|] L 1 1 1 1 Il
6d " md cont™ NS g s N Contr peNPS  gpA o\ pSNTY
Time Treatments Treatments
)
% 6 «+ Body length
Mortality of .
ol y uwl Mortality el
empbryos '
= wll mnory | of larvae
s N3 44 ab 2
2 | [ < 2
S s0 Tl | g10F £ °
_‘.é E _E‘ 42 -
ot Pl e ]
’?30| | 567 < s
g 1a [ £ E
S 2l [ | = 4t } Mg
10 + 2 E 3.6
3.4 os

n 'Sl
CB““OYS‘VWS »P 'k“? N\—"S'?‘

Troatmentc

[ Control I ps-NPs [ BPA [ BPA+ PSMPs
Honolulu, USA

\'s]
o™ ™ ged o Blr?s’ﬂ
Treatments

1 1
ot g e e

Treatments
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(A)
CA HE
: e
2 - [ A—
£ e
3 2 =
/ CA I
®) % o © [Eew— SH i
eNks 00 | T T e 15- .05
70 - BeA £ AN PAN
[E BPA + PS-NPs SC. > CA SC. s \CA
ol f ; SCEE NN
- | »7//, A\ (@ /
Ssf i \\\L / \\\ :
: ¢ : /|
= - ) h‘
£ D HE FD HE
a0 b )
E 4 e
Ewl : s
a SC.~ N NCASC .~ N CA|
. G Ay oy
v, \\\\ A
10 - 4 /
. D HE FD HE

Contr® pg NPS gp AB\’ Arps NP

PS-NPs: decreased embryonic heart rate, and
embryanic survival and larval body length; larval
deformities such as hemarrhaging and craniofacial
abnormalities.

Yu et al., 2023, Chemosphere, 336: 139174,
Oct 26-Nov 1, 2024
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Adverse Effects on Medaka
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Tissue: larval liver, heart

Honolulu, USA

Control
PS-NPs

¢ BPA

¢ BPA + PS-NPs

L 2 a
—— *»

Control  PS-NPs

BPA BPA + PS-NPs

Treatments
Control
PS-NPs
BPA
BPA + PS-NPs
® *
* @
_— Y @
L Le
1 1

Control PS-NPs

BPA BPA + PS-NPs

Treatments
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PS-NPs:
Liver: early inflammatory
responses (
apoptosis and necr05|s)
Heart: a

, reduced myocardial
fiber and irregularity in
cardiac morphology

Yu et al., 2023, Chemosphere, 336: 139174,
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r=="==-====="===s==-"--"=--F--====== 1
l Electrostatic Hydrophobic =T Van der Waals 1
I PS-NPs = H,0 |
® | 0 O | OO ©:
I S ’ I
| o ° HO |

BPA :

» The sorption of BPA onto the surface of PS-NPs is primarily driven by electrostatic and
hydrophobic interactions.

,a"

the bioavailable Sl 0
||

increased hydrodynamic diameters of concentrations of NP

NPs and formation of more aggregates

Honolulu, USA PICES Meeting 2024 Oct 26-Nov 1, 2024 12



ElziE MR

NATIONAL MARINE ENVIRONMENTAL MONITORING CENTER

Effects of BPA on the
Bioaccumulation of PS-NPs

[ ]ps-NPs I BPA
[ BPA + PS-NPs - BPA + PS-NPs 50
60 - 120 - [ ]PS-NPs
Ly [ BPA + PS-NPs
—_— o o
2| 3 § ool ——
= 55 ) Z
= = = [
: Z £z
Z ‘ g s 5
E1s - B
=i *% = g =
g : g I£ 5
= ik g 80+ 18 z
e = 50 20
S0 ] 15
S 3
- < 1
z B B
7 2 60k AT
M ar Overlay ° a
= A - . J
0 40 PS-NPs BPA + PS-NPs

0Oh 24 h Oh 24h Treatments
Time Time

The waterborne concentrations of PS-NPs and BPA Bioaccumulation of PS-NPs in marine medaka larvae

The bioaccumulation of PS-NPs by medaka larvae was )) BPA mitigated the
reduced in the presence of BPA. toxic effects of PS-NPs

Honolulu, USA PICES Meeting 2024 Oct 26-Nov 1, 2024 13



Molecular Mechanism
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Toxicity m:
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ular level
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Immune pathways
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unpublished data

PS-NPs: governed by PPAR pathways

[

&

FATP

-

Adipocyte
PPARy

!

FABP

Skeletalmus\‘

Adipocyte
PPARB
RXR

L PS-

NPs

cell meml@

Liver
Skeletal muscle
PPARg¢

The metabolic and immune pathways were impacted, with the Peroxisome Proliferator-Activated
Receptor pathway playing a key role in hepatotoxicity and developmental toxicity.

PICES Meeting 2024

Honolulu, USA
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Summary ESS LIRS

» Single exposure to PS-NPs resulted in embryonic mortality, growth Inhibition, developmental
deformity and histopathological alterations in the liver.

NATIONAL MARINE ENVIRONMENTAL MONITORING CENTER

» Co-exposure to PS-NPs and BPA mitigated all of these adverse impacts. This phenomenon may be

due to the absorption of BPA by PS-NPs, which subsequently led to a decrease in the
bioaccumulation of PS-NPs.

» Developmental toxicity in medaka following a single exposure to PS-NPs is primarily regulated by
the PPAR pathway, which is involved in cholesterol metabolism and lipid synthesis.

BPA Decreases the Toxic Effects of Nanoplastics
/ cell mem®

. Something
Nanoplastics
.00
VY. BV, vess Liver
/ PR,
\‘, )

Skeletal muscle

Adipocyte Adipocyte Skeletal muscle
PPARa

.
R
2 R\
I — ([ \ |
Ho” X OH

BPA + Nanoplastics

Honolulu, USA PICES Meeting 2024 Oct 26-Nov 1, 2024 15



Introduction

» Case 2

Honolulu, USA

Aquatic Toxicology 256 (2023) 106430

Contents lists available at ScienceDirect
Aquatic Toxicology

journal homepage: www.elsevier.com/locate/aqtox
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AQUATIC

Polystyrene microplastics alleviate adverse effects of benzo[a]pyrene on

tissues and cells of the marine mussel, Mytilus galloprovincialis

Ying Wang >, Mingxing Zhang *”,

Juying Wang ®

PAH &

4]
14

PAH

R = NADPH cytochrome P450 reductase

‘Molecular mechanism

ENDOPLASMIC ° wo nlm A
ETICULUN
I RETICULUM @ & : .
=== T <
I K PAH

|Mar Pollut Bull, 2015, 99:28-34.

- alterations  of:

iImmunological
responses,

« antioxidant
system

e onset of

genotoxicity

PICES Meeting 2024

Guanghui Ding b, Huahong Shi , Yi Cong®, Zhaochuan Li*,

|- - -"=-=-=-=-=-=== I
o
O Q
: B[a]P + PS-MPsi
|
|
A, i
| Toxicity? !

Oct 26-Nov 1, 2024
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Experimental Design

10 pm PS-MPs (5.5 pg/L)

Dutch Wadden Sea
0.3-2.7 pm, 3.1 pg/L
(Materic, et al., 2022)

JM

B[a]P + PS-MPs
(X

B[a]P (0.1 ug/L)

Mytilus galloprovincialis

9 adults, for 96 h

Gills + Digestive glands

Liaodong Bay

o)

(Wang, et al., 2014)

0.07 ng/L (maximum)

Control Filtrate PS-MPs

PICES Meeting 2024

Honolulu, USA

i;i/$ﬂ- %JI:II:EI == L)

NATIONAL MARINE ENVIRONMENTAL MONITORING CENTER

Oxidative stress

Lveles of SOD and GST in
gills and digestive gland,

Histopathology

thinning of filaments,
mean epithelial thickness

(MET) and circularity of ROS levels in
digestive tubules haemolymph
Gene expression by gqRT-  Interaction of MPs and

PCR B[a]P

Accumulated
microplastics and B[a]P
in biota

stress response, immune,
and detoxification

B[a]P B[a]P+PS-MPs

Oct 26-Nov 1, 2024 17
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Adverse Effects on Tissues and Cells @&y &

MET

gills and digestive gland: histopathology

adverse effects.

Circularity
© o ©
(=] = =]
I
=
=i

A Gills Digestive gland 'B MET
5 | 3 o —
: el £ 22 ¢ Thinning of gill filaments and a
I o - - - -
B H ' ﬂ H reduction in the mean epithelial
= 0 ~ - - - -
X IR thickness (MET) of digestive
: L tubules following exposure to
I
| C B[a]P alone and PS MPs alone.
: 2.0-& .‘£=41r(S,,/P,,’)
- * However, co-exposure to both
1.2 -
substances alleviated these
| !
|
| 1
&
K
!

Wang et al., 2023, Aquatic Toxicology, 106430: 256.
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Malecular mechanism: oxidative stress and gRT-PCR
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Honolulu, USA

NF

SOD GST
35
-xB 30 1
- 25 1

HSP90 Myd88a NFxB  CYP4Y1

# |
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o
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= [ I~ =
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drt

ROS
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*%x

**E

* *oxk

HSP90  Myd88a

PICES Meeting 2024

NF«xB  CYP4Y1

Single exposure to PS MPs or B[a]P
resulted in increased ROS levels In
haemolymph, whereas co-exposure
alleviated these adverse effects.

Mussels co-exposed to B[a]P and PS
MPs exhibited significantly lower
GST activity and down-regulated
MRNA expression of NF-kB in gills
compared to mussels exposed to B[a]P
alone.

Immune related
Wang et al., 2023, Aquatic Toxicology, 106430: 256.
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» The sorption of B[a]P onto the surface of MNPs is primarily driven by hydrophobic and n—n
Interactions.

Uiyt

,a"

the bioavailable l

increased hydrodynamic diameters of concentration of B[a]P

NPs and formation of more aggregates

Honolulu, USA PICES Meeting 2024 Oct 26-Nov 1, 2024 20



Bioaccumulation of Bla]P

Honolulu, USA

0.15 -
@ B[a]P
@ B[a]P +PS MPs
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<

[a—

12
L

\
)

o

o

D
v Dr

OO

| FOHI®I «

=

o

>N
1
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<

O

v
1

0.00 1 I |
0612 24 48

Exposure tume/h

The waterborne concentrations of B[a]P

The bioaccumulation of B[a]P by mussels
decreased in the presence of PS-MPs.

PICES Meeting 2024

&
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mB[a]P
0.32 - OB[a]P+PS MPs

= 016 - N
(]

0.08 - 6.7%0
reduction

4=
(]
o
]
.=
]
2
g
= =
3
ul—'
—_—
= T
o oo
u-{—'
[
—
o
| —)
[l

alls  digestive total soft
glands  tissue

Bioaccumulation of B[a]P in mussels for
4 days

)) PS-MPs mitigated the
toxic effects of B[a]P

Oct 26-Nov 1, 2024 21
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Summary

» The co-presence of PS MPs reduced the adverse effects caused by B[a]P to some extent. PS
MPs decreased the waterborne concentration of B[a]P and its bioaccumulation in adult
mussels.

» Single exposure to B[a]P induced toxic effects in mussels, including histopathological
alterations, oxidative stress, and dysregulation of mMRNA expression. Polystyrene
microplastics mitigate the adverse effects of benzo[a]pyrene on the tissues and cells of the
marine mussel, Mytilus galloprovincialis.

8°

MPs® + B[a]Po

Adversel
Is the toxicity of B[a]P effects
enhanced by the

presence of PS MPs? | 1. Gene expression

NF-kB

I
: ! '
I ! !
I ! !
I ! !
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I |
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I ! !
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[ ! Accumulation ! o
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| I
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