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Abstract; Micro- and nanoplastics in water environment pose a potential threat to aquatic organisms. Species Sen-
sitivity Distributions (SSD) method was used to assess the ecological risks of micro- and nanoplastics on aquatic
organisms in the present study. The acute toxicological data of 11 aquatic species from 10 families in 5 phyla were
collected and fitted by SSD. The hazardous concentrations for 5% of the species (HC;), the values of the potential-

ly affected fraction (PAF) and acute predicted no-effect concentration (PNEC, ) of micro- and nanoplastics were

acute
evaluated to compare the sensitivity and ecological risk for different aquatic species exposed to micro- and nano-
plastics. The results showed that micro- and nanoplastics had the greatest ecological risk to Vibrio fischeri and the

least to Tetramis chuii. The value of PNEC,_ . derived with Reweibull model was 0.185 pg-L™', which is almost

acute
30% of the concentration of micro-(nano)plastics that were found in the water environment. The effects of micro-
and nanoplastics on aquatic organisms are acceptable if the exposure concentration is lower than 10 pg-L™". If the
exposure concentration reaches 1 000 pg-L™', 26% of the species are obviously affected. In addition, the PAF val-
ues of different concentration of micro-(nano)plastics in several representative waters all around the world were es-
timated and the value was equal to 0. However, the concentrations of micro-(nano)plastics in most representative

waters selected in this study were lower than the PNEC,_ . except that in Taihu Lake. The results indicates that the

acute

effects caused by micro-(nano)plastics in most of the investigated waters are acceptable when only the effects of

micro-(nano)plastics itself were considered.

Keywords: micro(nano)plastics; aquatic organisms; ecological risks; species sensitivity distributions (SSD)
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1 ##575% (Materials and methods)
1.1 SSD A

SSD F e AN FH 3 B G LL T LA IRE
(L)) PRl 3 B~ 000 (R R B (2) 0 o A1 I
AR FE ; (3)SSD MG 5 (4) 5% fi Mk FE (HCS)
K AERZ A HB(PAF) T3, Hovh SSD #lA 4k
FAHE SR T MK R S 56 3 B 2% N Tl F 9 41 4
(CSIROYZ ALY Burrlioz(2.0 B )T 5 (45
1.2 fOR) 75 BSOS (19 R E

FIFH Web of Science ZU#5 J& , U 5 71 38 B 1 ikt
10 247 (2007—2018 4F) [ 4 41 A T & 42 1 SC ik
Gork, A S 1710 BE 11 BROK A A Y0 St EE A
%E[21,64769](%% 1)0
1.3 WA S b

T RS eSS 0 T A K AR A A B
(ECy, B LCy g — & 2K, RV e R [ B A7 i K BT A7
Bl n PR g — B pg - L, R, G BT
BYRhscs BT 2 BFE T TRV U S
A E R BARE R R 1 PR,

1.4 SSD HiZk#l&

SSD i1 £k J2: 38 1k A [F] A= 4 %oF ¥ Y 0 B4 U
ZeSe ok s AR W A PR RN 2R, TR T 5% 1 R A
POKFRITA R B 5% B8 Fh I nT LU AZ /) ok 1T
BOHC,®Y, B A A XU BB 45 1F T, T UGRS3
e 95% A YR Z w1 SSD #l 4 g X &
FA1$% Log-Normal . Log-Logistic .Reweibull I Burrlll
ST S R RK B HE 2 (8 Log-Normal 4377 #5571
LA SSD [k, i K AT PG 2% 26 [ 52 U 4 45
B Burr AL 534, ASHESE 2R F Burr I #5325 (4%
PRI AL H s A s Ak Burr T 789 f) 725 AL AR AL
Reweibull 4377), R Sk 3 Fli 43 A o &% 0T 2 336 v HL
Xof PR R A RS g AT SSD 2R A
(AL IR,

(K3 S B B0 (35 1) 4% = Rurrlioz 3k
(2.0 JRAR), k5 B3 A 19 3 A B AR | X 33X 2 g 3R A 7
SHAUA N TF5 5] SSD £k (2) 5 SSD i £k
FHA LA 55 O824k, FI A Rurrlioz 3k 44115
HC, M AN[FW B 5% T 1Y PAF,

Hdr Burr ll B pR B S BOTFE N

1
F(x)= ) T 1)
Rfox MR E (wg L"), boc Fl k R EAY 3
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MAFZE(T ), 4 k#aTI55 KEF, Burr I £y
17254k N Reweibull %1434 .

F(x)=exp <—%) )

WIS 56 B2 F01 Tlk BF 5% 2H 22 (CSIRO) 4
fitT SSD HhZR UG 7 ik UL B (FUAR 2.0)
1.5 HC, Ml PAF i3
N Burr &Y 15 HC ()2
b

NI

HC(Q):ﬁ 3)
(q)1]
PAF 3R7R YR8 ok B8 ob A= ) 7 348 (1Y)

YiFp e, BOAE S5 2 15 G2 W0k BE 251 T, SSD i £k
X B R Burr I 5 43 45 3154 PAF 19
N WS

TERAE Y SSD Hi £k, HC (@) (TE AW 5T H Ky
HC)H PAF 1] DL 53 BT/ Rurrlioz(RiUA 2.0)
TS
1.6 2 rii
(PNEC,,, )i

IR BRRTR ISR HC, — B b HBE S

TR R K AR A i 2k G D s2 e, Rt
T fd SSD I ZAPL A 15 21 1) 45 5 T A M IE AN S (N
KSR K A= A 1 A 25 XU, L2 R B (4 oK)
SRR OCRE FRECHE AN B AF R R W5 2 X RT3 HC,
VEIE— 25 A B AR B B i 2 A A SSD il 2k %k
PEER BEOLT IR R 774 (3Fk SSD AL A Ak
e i T L S0t AR S 80N I PNEC,,, ™, T
M PRl -1 R FH U AE W (9 35 A I LA E’warﬁ“l
¥, HEBE AT R .

Y QN RRIER=N & SRl b/ ve VA7 Y: 3

PAF ( X) :% (4) PNECacutc CS,acutc /AF (5)
[1 +(£) } UH: AF(Assessment Factor) A PF-4t Fl -, HC, . 72
X
R B(G0K) BRI KEEMSFEESE(EC, LCy))
Table 1 Toxicity data of micro(nano)plastic to aquatic species (EC,,, LC,,)
‘ N Tl oK) BB AR 2T T /N RO BoekE
I = s, BT 4 "’ N . Bk I
. . Type of micro(nano) /g L)
Phylum Family Common name Latin name Reference
plastic and size ECs, LCso/(ng-L™")
B KAEIF% Daphnia magna 55 nm PS 7.70%10? [69]
Pulicidae A R 2 2% Ceriodaphnia dubia 1 ~4 pum PE 9.58x10? [64]
Bl R
g ) W AR FAEYF Thamnocephalus platyurus 55 nm PS 520x10° [69]
W sh¥ ] Thamnocephalidae
Arthropoda JhK TRk
Hi HARBKAG/KE  Tigriopus japonicus 50 nm PS 2.15x103 [67]
Harpacticidae
SRR
’ ) EEALN Hyalella azteca 20 wm PE 2.18%10° 21]
Hyalellidae
fi R} . )
£t Oncorhynchus mykiss 55 nm PS-PEI 6.03x10° [69]
BRI Salmonidae
Chordata il p& fa R
INR KB FE 1 Pomatoschistus microps 1 ~5 wm PE 3.05%10° [65]
Gobiidae
2] INER R Ef H P9 Pseudokirchneriella subcapitata 55 nm PS-PEI 5.80x10° [69]
Chlorophyta Chlorodendraceae JRECPY S #E Tetraselmis chuii 1 ~5 wm PE+Copper 1.45x10? [68]
TILTET] IR e . .
. RGN Vibrio fischeri 55 nm PS-PEI 1.00x10° [69]
Proteobacteria ~ Vibrionaceae
B FhHI]
Parechinidae LifA0 Paracentrotus lividus 50 nm PS-NH, 261x10° [66]
Echinodermata
£ :PE WE LM PS-PEI N HAR L Ias-RBEIE T M , & —Fh b R TR AL SRR I3 9 K URL & 1 8k} PS-NH, 4 NH, IR 21 PS K IBURL ; 7E 4

Wroeh, S s — R pg- L'

Note: PE, polyethylene; PS-PEIL polystyrene-polyetherimide, plastic synthesized from carboxylated polystyrene nanoparticles; PS-NH, , polystyrene MPs

coated with NH, ; by convention, all the units used to fit the model are uniformly switched to pg-L™".
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XEF RN R T BUEAT A — I Ge— bR,
(LR F1 B XSS A B AR e I | > it FH Pk o
FIEHE(LC,, (ECy ) XK AR FREE PNEC #E4T #E- T I,
WA AR B B B =/ D B VT 3 AR
FH LA F K A e it (R f0 28 2 M), AF
N HUE 10007 PFA P F2 2852 Rt Akdi i )
PR DL e R & B A 2 4 TR R 3L R 52
Wi FEAHIF ST |, TSR 1 S 7 AR 0 4 Y 2
% Mk YRR TR ES T 10
R FpKAEA Y, 7 55 05 AR 5, B AF B
{E 1 000,
1.7 AH 5 SR R SR o et = B B 0 55 K L PAF
{[ER7 R

FIFH Web of Science , CNKI %5845 772, % [ 4
ANATT I FE AT K 24 i 4 BR A% BRI 7K 7K 3 B i
T TR RSO 2 5 4 4 DG SOk A 7T i R S
FEHG T AL B Y A G — R B g - L,
RG2S K BN A R B RE AN 3R 2 s, B
HARIS )5 :57% Lusher %57 [1% SCHR, BIVEE 2464

xR2

SHRHE WK 18 BRIK (sphere) | ~F 24 07 42 R/ 25
pwm, FFE 3% T 0.92 g-em™ B LT, 900 4
THORUBRL AT RIS T 7 g, B 1 AU REOR 2
T 00078 pg., FJarE/KAEAY) SSD A £kt
fi = &, Rl Rurrlioz {4 % 42 BR 22 A~ #iL 74 7K e %
JZ BRI KA A ) PAF (E0ET (R 2),

2 453 (Results)
2.1 SSD #iZila

B 1 2 FIH Reweibull 4377 #5576 X6 4 0 ) 4 356
Pty SSD Ml & 451 . A2 I 1] 9% IR R ( Vib-
rio fischeri)S% T (A K) B2 i P2 B e K, e 1R
VY S ¥ ( Tetraselmis chuii)S2 T3(4NK) SRR} ) 43 35 72
JFEMIRAR, HAR IR NHEZIMR U, - 40 8 (B QR ) >
FH 52 it fE S (GE N BE B ) > fa A (T i /)N HIR K 8 fifi
AR 2T T HE RN CER 1 ) > T e s e /2 2
(H A FEBEAR /K 5 AR X 8028 DA R R A #0)> 36 25 (R
PO A BERIRICDY A %), Mk EE>1 000 pg-L7' A,
TRAE A SZ A0 K ) SRR 38 1 A T 3 i (L P
R PEANWT R, TR K SRR 5 A 4 K ) e
RGNS AR EE N 1x10° wg - L7 B TP A,

TSR ER S B BY K IE A 2R R 7K B T R R B R B A RS L B ( PAF) Tl (E

Table 2 Predicted potential affected fractions (PAF) values of micro- and nanoplastics under various

concentrations in some representative waters

X 3k W (ng-L7") TR LU/ % 275 30k
Area Concentration/(pg-L™") PAF/% References
WK 8 Marine environment
RN /K 38, Arctic Waters (Norway) 209%107° 0.00 [751
7R East China Sea 242x107° 0.00 [77]
A6 R A PR North Pacific Subtropical Gyre 125%107° 0.00 [78]
F& B 22 FIEL A2 527 Greenland and Barents Seas 3.82x1077 0.00 [79]
FE M7 Southern California coast 624x107° 0.00 [80]
# B4 1F Chukchi Sea 1.79%1076 0.00 [43]
W [E 7R F5 % /T Southeastern coast of Korea 4.84x107° 0.00 [81]
JUIRA R PG AR AR I i X
Kuroshio Current Area, Western North Pacific Ocean 546x107° 000 (82]
#h7F Bohai Sea 257x1076 0.00 [83]
4 WA 11 KR 3£ ) Surface waters of Kinston Harbour (Jamaica) 0~447%x107° 0.00 [84]
IR IK K I, Freshwater environment
[ H AW Great Lakes (USA) 3.18x107° 0.00 [85]
K] Taihu Lake 201x107! 0.00 [86]
PR IR Rivers in Tibet Plateau 377x1073 ~754x1073 0.00 [87]
WHZHLI Los Angeles River 1.01x107! 0.00 [88]

VT Wei River

2.86x1073 ~835%x1072 0.00 [89]
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= J S
= ' ’
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LA etrase/h’ms chuii (68)
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1001 1000 10000 1et05 1let06 1let07
185

BADKBRRKIE (gL 1)
Concentration of micro(nano)plastics/(ug-L ")
B 1 KEEYIRE(4K) B
PR 7 (SSD) Hi &k
TE T BB S0 T A (9 20 JE L (AR SRR R /N
FERVAFSCHRAT OG5 B AR 1 o 5 SEBr b Us i 431
FHEL @SRRI BEELN 53R B R EFEXBIO5%),
F5-5 BT U S X 1 22 SCRR I 25
Fig. 1 Species Sensitivity Distributions (SSD) curve for
marine organisms exposed to micro- and nanoplastics
Note: The detailed information on the effect data from literatures,
i.e. aquatic organisms exposed to micro- and nanoplastics, the size
of the particles and the type of micro- and nanoplastics used are
available in Table 1. Solid red curve represents SSDs with
micro (nano)plastics concentrations expressed in particles per volume.
Black dotted lines represent the 95% confidence intervals.

Numbers between brackets refer to the listed references.

2.2 SSD HHZILA 453 e 2t AR AN vk IR A
EORaRCEE

% 3 A M2 Bk F B9 LA AR LR Reweibull,
SR SSD fh e #8061 AH 5C R UE L) K X
AR RS R I HC, . HC, BYEUER/NRIR
TR SR X 7K Az A 0 )5 T R (K R
TN R SERE XS K A AR IR R s e/ s, AR5

A3 SSD £k 95% Ay B 15 X 5] A 78 ~ 820
pg- L7 R SRR K AE A Y HC, R 185 pg
-L™", k& Burns 1 Boxall "V 5. (1) 0 52 FR 55 Hp i i )
W E(MEC)6.63x 107 wg-L7' & i 3 MR %, It
Ah, WEHR I I S5 RO KA A W gt i 2
P % SSD Hh 4R B 2ok , v LA FH M R 713t
SRR AR A T e A S0 Ve B TR PN-
EC, oy , M4 IR IRUBS: TPl B2 AR S IR , P71 IR+
H{E 1 000, [H 1t PNEC,,,, =HC;,../AF =185/1000 =
0.185 g L™, BRI L FRBE o 1) SO bk B AH 22 A48
KA 3 524,
2.3 B LR VAR /K K 8l AR K K S D A
A A A 2 RS A

PAF {E K /NREAE S i Hh AS [) 3k B 0l ot 7k A
AP EFLEE . A Rurrlioz #3045 2 1 AL
MY 7K I (LR IR A K AN 7K A 85 26 J2 /K S 8
KA AW PAF (EINEE 2 Fias, FIr e 48 9 i 5L
83 BRI 7K 7 Sa R 7K K 3 R A SR %6 7K A A= )
RIPETE IR LL IR R 0, AR, 856 2.2 THEAS 1Y
LM SRV IR PNEC,,, , B H 55 2 Kok ik
TR B AT LU R I« BRI A | FA K AR R
BE i SR A R B R AR T PNEC, 0 LR 45 SR
B, W RACE RO AR B R 52, H RTIX 28K 38 Y
T bR J8E e 7 A A 0 P 488 8 R R 43 A T
ZIEEN
2.4 BREK) BB RIS [R] 5% 28 1k B T XK A= AR W )
PAF {8

AR SR EA ) 8T 45 1 10 6 A [ 7
AW PAF {8, 5z il HE X AS [] K A= A= 4 0 402 3 7
JE, W 4 PR, S ENK) SRR E =10 pg- L™
B, BT A K AR AR AN AZ 50 5 BB A S (K ) 8 ik
T, 32 B0 R R P Rl R T AE 100 g -
L™'F, A 2% 7K A=l 23 22 B k) SRk
E UIRIE R 1000 wg- LA, 32 B0 ) A
Iy N 26% , ULIATE LI R 7= AR A S KU K

&3 FA Rurrlioz %4 H SSD SHMER
Table 3 SSD parameters calculated by Rurrlioz software

Parameters and values

AR

5% £ 3 R B (HCs)

Fitting model

log(alpha) log(beta)

The hazardous concentration for 5% of the species (HCs)

Reweibull —-0.744 -7528

185 pg-L™!
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T4 W(GK) ERERRRE TXKELEYH PAF FUlE
Table 4 Predicted PAF values of
micro- and nanoplastics to aquatic organisms
under various concentrations

TEAERZIA LL /%
PAF/%

WA (g L)

Concentration/(pg-L™")

0.1 0.00
1.0 0.00
10 0.00
100 2.00
1 000 26.00

3 1318 ( Discussion)
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