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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
characterizes the interactions at biological interfaces than mass concentration. It also reflects the un-
derlying toxic mechanisms more accurately. The PNEC derived from surface area was 2.26x10°?
mm?/L. Based on this normalized threshold, most global water bodies currently remain at no or low
risk levels.
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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
@~
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]
1 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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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-
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Table 3 PNEC values for oxidative damage in aquatic organisms induced by microplastic exposure derived from the best-fit model

Mass concentration/  Surface area concentra-  Volume concentration/  Quantity concentration/

Threshold val Toxicit dpoint
restoid vatue oxieity endpoin (mg' L™ tion/(mm?- L") (mm’-L7") (particles LY
PNEC AB 3x10™ 2.26x107 3x10™ 0.034 8
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Fragment < T Y Oxidative
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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: SSPREAREIEIR A1, Hor N B AR S50 = e il A0 B DRI AR 5
SN2 L ARSRSE I HOBFHI AR b s B: SRSEROBRI R T GTEL . C: HOBREDI LA Venn B, 0-8 el S50 Sk
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Fig. 3 Surface area concentration of microplastics in different water bodies globally
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Table 4  Table of microplastic surface area concentration converted and oxidative damage thresholds in different

water bodies worldwide
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