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Abstract: Microplastics (MPs) are typical particulate pollutants. Their ecotoxicity is closely linked
to morphology, size, and surface characteristics. However, conventional mass based methods fail
to capture these physical exposure features. This study proposes a toxicity analysis framework based
on normalized MNP exposure metrics. It aims to evaluate ecological risk thresholds for aquatic organ-
isms. A toxicity dataset was first compiled using oxidative damage as the representative endpoint.
Mass concentrations were then converted into surface area, volume, and particle number concentra-
tions via geometric transformation models. Predicted no effect concentrations (PNECs) were derived
using species sensitivity distributions (SSDs). Results show that surface area concentration better
characterizestheinteractions atbiological interfaces than mass concentration. Italsoreflectstheunderlying
toxic mechanisms more accurately. The PNEC derived from surface areawas 2. 26X10">mm?L. Based on
this normalized threshold, most global water bodies currently remain at no or low risk levels.

Key words: microplastics; oxidative damage; physical characteristic exposure; surface area con-
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Table 1  Oxidative damage of chronic toxicity data species information table

Schematic diagram Biological classification—Phylum/Family Latin name
T, Arthropoda Daphniidae Daphnia magna
<9
§ Arthropoda Harpacticidae Tigriopus japonicus
Chordata Cyprinidae Cyprinus carpio var.
JF\‘_—
>
- Mollusca Mytilidae Mpytilus coruscus
i
Annelida Nereididae Perinereis albuhitensis
Bacillariophyta Chaetocerotaceae Chaetoceros muelleri
Pseudomonadota Vibrionaceae Vibrio fischeri
N~
Cnidaria Coralliidae Corallium rubrum

2 ARG AR S 4R

Table 2 Representative datasets on oxidative damage

Size/um Shape Mass concentration Quantity concentra-  Surface area concentra- Volume concentra- Toxicity endpoint Refer-
/(mg-L™") tion/(particles+ L") tion/(mm?*- L") tion/(mm’-1.™") ence
5 Pellet 50 3.85%10° 8 830 9.06 TAC [42]
100~200 Pellet 0.05 19 1.3 0.033 SOD, CAT [43]
5 Pellet 0. 08 1x10° 78.5 6.55x107 SOD [44]
5 Pellet 0.07 1x10° 78.5 6.55x107 SOD [44]
60 Pellet 10 9.31x10* 1050 10.5 CAT [41]
450 Pellet 10 152 96.7 7.25 SOD [41]
220 Pellet 10 1.97x10° 300 11 SOD [41]
Pellet 0.1 1. 82x10° 572 9.52x107" SOD, MDA [45]
2+1 Pellet 2.05 3.55x10% 4.46x10° 1.49 SOD, MDA [46]
50+10 Pellet 4.97 5.5x10* 432 3.6 SOD, CAT [46]
20~100 Pellet 0.07 600 6.79 0. 068 SOD [47]
10 Pellet 20 3. 64x10° 1140 19 SOD (48]
4i%h. 39+40  Fragment 250 1. 84x107 7. 89x10* 263 ROS [49]
KA 55+56
s 20 Fiber 2.29x10™ 500 4.65 1. 66x107™* SOD, CAT [50]
K. 148
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B SCHR R 1) 2 58 0 R — A S TR (mm/ L) FEFRIRE (mm?/L) . LA Wang %5 B B3 A 51,
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Fig. 1 SSD curves of oxidative damage effects
A. referenced by mass concentration; B. referenced by surface area concentration; C. referenced by quantity concentration; D. referenced by vol-

ume concentration(A. LUFRWCE NS4 B. URTBIKENSY; C. DELRIKIE WSS, D. LUABWKE LS %)
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2.4.1 AEFEEFTELBRGPNECHEHNES ETRELGEA, AUFTHES N 7 HXREEE
AFEYERHER) PNECIE (£ 3) . SRR, FIRIEPRIER N B E S X BIE ) BoE B 55
Wi o FEARLEHIBUCRIREERAE T, HORRE 51 A KA A AL 75 ) PNEC {4 3x107 mg/L o AR, 5]
N UARTHEAG AR 51 e e A oAy B RE S P B B 1k AR B R T AR BE IS, PNEC B4 2. 26X107 mm?/L
Ot B2 A B Sk BE -5 PR AR B PNEC 53514 0. 034 8 particles/L A1 3x10™ mm?/L) . ZEBUAT SHEH) WALV
W, SRR, e AR B e AR RE NS TN A Wt AL UKL 5 A A S A Rk T
T B 2 WM S BN e 1) R SR L) L SE B R R e . R, AR ST BOR T S il £
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TN BIES T
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Table 3 PNEC values for oxidative damage in aquatic organisms induced by microplastic exposure derived from the best-fit model

. X Mass concentration/  Surface area concentra-  Volume concentration/ Quantity concentration /
Threshold value Toxicity endpoint

(mg-L7") tion /(mm?*-1.7") (mm®-1,7") (particles-L™")
PNEC A 3x10™ 2.26x107 3x10™ 0.034 8
HC, AL 1.5x107 0.11 1.5%x107 0. 174
A 13.4% I 507 B ¢ Growth Reproductive
- 18.6% E?Be? w0 ] inibition effects
Fragment < T Y Oxidative
Else % 20 1 / : 6 \\ stress
Z 20
§
m 10] l_l
0- T

<05 05~1 1~2 >2

size/mm

K2 BEEPEAR . RoF o Ailel 582 i Venn 4]

Fig. 2 Microplastic shape and size distribution maps and Venn diagram of toxicity endpoints

A: distribution of microplastic shapes, where the inner ring represents the proportion of microplastic shapes used in the laboratory and the outer
ring represents the proportion of microplastic shapes in the natural environment; B: size distribution of environmental microplastics; C: Venn

diagram of the biological toxicity endpoints of microplastics, where 0-8 represent the frequency of occurrence in the collected literature (total: 36
studies) , with higher numbers indicating greater frequency) (A: R RIAR AT, Hor o Rl AR A S0 28 I i I BRI AR i LE
SMEBIRAE B RIRBEh OBRHI AR ks B SRBEMOBFHIOR A5 Co BUBRMADIBEL S Ven [, 0-8 JOREHCAEEIN SRR
(FL36 ) MBURATAR, BFHOR, BB E)

2.4.2 FEMRREEAMEMSUHEERERPMZESMEE EENESHEH AR L RME
A (mg/LAE IR AT, (HIX 2 T RO BORL5 G e R iRt . BIFEAH DGR T, BB,
WURIECE S, AR IR, TEMIE A SRS FAET . AETESM R R AR WA B A
[, FETUSCER B S A A7 S B A S ) SSD AR 7R, X511 B B A 8k 3R T AR JEE (mm /L)
R SRR S RORE 2] T, ELES YR A SRR 204 TE A

TR VR 2 BEVEAE RS, ISR . SR SO A R 28, R R AEAE AR - TR 5
7 Fo REREIEIGE 7RO SEWHS NS 5iE FED FMER, LIRSS ROS =AM
AESTo WURIREMEIEIE S T /N S AR il v, T TR BRI R RE S e s e~ AW A7 2450
B, AT AAA G SSD #h AR IH AL R AR R AL T, I T SRR R R
KA. Wik, BFEKEIRERIEE XS BB E S, B4 5 INERBIK A0 R & B0, B
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2.4.3 SEHURGHEENEEMECEREESEZREN EASHEHS XIS, EEGEN L
ST EME R B BREE . A RRETHIERE L AL IR0y, 5 i R i PNEC {]
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TR BRI e S A A B P I, RS /K A A 0 (R 7o A ) 67 TR 8R4 P 1 Yl 88 R M LA 4
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Bl H R IE I bRIE o
2.5 HEZLKINMEPHERFEEXKRE

AR 7R T R BIRZ IR R (8 3), IR THIRIER (K 4) . PrIL SRR
SR T AR BRSBTS G IR o A S R T B BE 5 PNEC BT L 43 AT
AL 3 MZ0EEIE . (1) BT H B2 00 WS IECE A BRAS IR /K84 i TH G 0 S 0k B A Ak 4
P4k T To XU BAR KBS A o B s, A BRI R SE PR T AR EAE 2. 2x107'~1. 67x10°
mm?/LZ 1), B RAF i (A A /R B 2 B (1. 67x107 mm¥/L), AR S A A L% PNEC {H
(2.26x107 mm*/L) . (2) 4% RQ PP bRIfE, AT REEMARBR) 22k rl. FIRAKOIHER %0, B
fifi e b s Judge M H A K, HOR R RO EHLZY 4 0. 74 AR A XURS: AL ) i (0. 1<RQ<1 IR
B, AU R EIAR T S S ARG, AR LI R ERAE IS R G0 = HE A R0 B (3) 38R T
BRSNS e A3 18] e e . g R BRI DA, BRI A KIS b T T RS A
MUBARZS , {H LU DI ) IR B2 22 AR B 7 2 E0R R, AR R R IR, 02 B N353
SN 3 20 8 D (AR KR 200 1. 67x107° mm/L) , SCRE 36 T FR 2 55 o 3 1 38 v T s i st /D IX 0
(ELPE RGN 2. 2x107 mm?¥/L) .

I
QTR TEVsE AT I k-2 8

B3 RERAN KIS R R E AR
Fig. 3 Surface area concentration of microplastics in different water bodies globally
4 RBEROAEDKIS R R R R R S A R
Table 4 Table of microplastic surface area concentration converted and oxidative damage thresholds in different

water bodies worldwide

S ERAN R AR B AHR R B/ (mm? - L)

Region Mean concentration Region Mean concentration
AR () 1.5%x10™ RRLYEVEI (OF%) 3.4x107°
AT 2.1x10™ Z 3T (AL F)) 5.6x107
UK PEIX () 1.63x10° ZEY (L) 7.5x107°
RKra ) 1. 11x10° EivNiESEED) 4.2x107°
B X A () 3.18x107° InprE IR (L) 6.7x107*
R O 1) 1.73x107° Wy sl (&) 5. 1x107*
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(834)

S ERAN R AR SR AR R B/ (mm? - L)

Region Mean concentration Region Mean concentration

SRV G ) 5.1x10™ LRI (9 R) 2.6x107
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