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Section S1 Test Polymers.
The test polymers PE, PET, PS and PP were purchased from Goodfellow (Hamburg, Germany)

as raw resin pellets containing no additives (supplier information). The selection of the polymer
types was done based on polymer’s availability as additive-free resins and their relevance for the
European market. The selected polymers belong to the top seven polymers based on European
demand of 2-10 M tin 2018 [1]. A detailed description of the experimental setup of the weathering
treatment can be found in the supporting information (SI) in Rummel et al. [2]. In short, the raw
resin pellets were milled to a size range below 350 um by the company Messer (Messer Group
GmbH, Bad Soden, Germany). E-waste and keyboard granules were cryomilled to similar size
ranges at the laboratory. Instant Ocean® (Blacksburg, Virginia, USA) was used to prepare the
artificial seawater at 35 g/L. 40 g of each polymer type was exposed to UV-irradiation by an
OSRAM Supratec HTC400-241 R7s UVA/UVB lamp (main UV A and B in the range of 314 —
400 nm) for four days. This artificial weathering simulated around 410 days of middle European
outdoor exposure (see SI in Rummel et al., 2019). After the leaching period, microplastic leachates
were filtered on a 40 um stainless steel mesh to remove the particles and the chemicals present in
the leachates were concentrated via solid-phase extraction (see SPE protocol SI Rummel et al.,

2019).
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Figure S 1: Artificial weathering setup (A & B) and size ranges of the investigated polymer material (here:
PET). Soutce panel A&B: Gewert et al. [3], https://pubs.acs.org/doi/full/10.1021/acs.estlett.8b00119,
with permission to reproduce the content. Further permissions related to the material excerpted should be
directed to the ACS. Source panel C&D: Rummel et al. 2]
https://pubs.acs.org/doi/10.1021/acs.est.9b02400 with permission to reproduce the content. Further
permissions related to the material excerpted should be directed to the ACS
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Table S1: Summary of mono- and dicarboxylic acids tested in the microalgae assays

IUPAC CAS purity (%)

Pentanoic acid 109-52-4 =99
, Heptanoic acid 111-14-8 =99
g Octanoic acid 124-07-2 > 98
S Nonanoic acid 112-05-0 > 96
g, Decanoic acid 334-48-5 > 98
2 Undecanoic acid 112-37-8 =99
§ Dodecanoic acid 143-07-7 > 98
§ Tetradecansiure 544-63-8 > 99
= Hexadecanoic acid 57-10-3 =99

Octadecanoic acid 57-11-4 > 98.5
" Pentanedioic acid 110-94-1 =99
% Heptanedioic acid 111-16-0 > 98
S Octandioic acid 505-48-6 > 98
= Nonanedioic acid 123-99-9 =98
& Decanedioic acid 111-20-6 > 99
§ Undecanedioic acid 1852-04-6 =97
A Dodecanedioic acid 693-23-2 =99

Tetradecanedioic acid 821-38-5 =99

Section S2 Data Analyses

For the calculation of the relative inhibition of microalgae growth (in percent (%)) (see image of
synchronized culture of S. vacuolatus Figure S2 A) the Chl # autofluorescence was compared to
the mean value of the controls (eq. S1). The For the other endpoints (cell density, yield I and II
after 2 h and 24 h after dosing), the relative inhibition (in percent (%)) without background

subtraction was calculated (eq. S2).

autofluorescence ., — autofluorescence ;,

Growthrate = autofluorescence 1, (eq. Sl)
 y ey dpoi lue qmpe
Inhibition [%] = (1 — CRAPOINL VATUE vy ) * 100 (eq. S2)
mean endpoint value .onol

Endpoint valueamplc tepresents the measured cell density or the photosynthetic YI and YII after 2
h or 24 h. An example for the determination of cell density using FACSCelesta is given in Figure
S2 B and C. The mean endpoint valuecns comprises the averaged measured values for the

respective endpoints for the unexposed negative control cells. Dose-response curves and ECso
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values were calculated for the derived endpoints applying a 4-parametric Hill model (between 0 %

and 100 % and with slope and ECs as adjustable parameters) using the software SigmaPlot 13.0.
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Figure S 2: The investigated microalgae Scenedesmus vacnolatus in the growth inhibition test using Imaging
PAM. A: Miscroscopy image of the synchronized culture. Scale bar represents 20 um. B: Exemplified results
of the Imaging PAM measurements for the maximal fluorescent yield, Fr, of different samples (EW and
KB, reference compound Diuron and a LC-water Blank) as rows (A-H) in a dilution series (1-12).

Corresponding sample names are presented right hand side next to the plate. Color coding corresponds to
the Fmz
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Section S3 QSAR Data

Table S2: Physico-chemical properties of mono- and dicarboxylic acids and calculated speciation. Details on the calculation of logDyp [pH7.0] see eq. 1-3 in the main
manuscript

log Dipw
Reference accessed fractionjonized [Lw/Lijp or
substance pKaat25°C  on 12% of April 2018 fractioeut (fi1s) (fa. ot 1-fira) L./kgip][4]
pentanoic acid 4.8 pubchem: DEAN.JA (1987) 6.27E-03 9.94E-01 0.32
pentandioic acid 4.3 pubchem: KORTUM.G ET AL (1961) 1.99E-03 9.98E-01 -1.42
heptanoic acid 4.9 pubchem: DEAN.JA (1987) 7.88E-03 9.92E-01 1.33
heptandioic acid 4.5 pubchem: KORTUM.G ET AL (1961) 3.15E-03 9.97E-01 -0.50
octanoic acid 4.9 pubchem: DEAN.JA (1987) 7.88E-03 9.92E-01 2.04
octandioic acid assumed 4.9 7.88E-03 9.92E-01 -0.08
nonanoic acid 5 pubchem: DEAN.JA (1987) 9.90E-03 9.90E-01 2.35
nonandioic acid 4.6 pubchem: KORTUM.G ET AL (1961) 3.97E-03 9.96E-01 0.51
decanoic acid 4.9 pubchem: BARRATT.MD (1996) 7.88E-03 9.92E-01 3.05
decandioic acid assumed 4.9 7.88E-03 9.92E-01 0.63
undecanoic acid assumed 4.9 7.88E-03 9.92E-01 3.35
undecandioic acid assumed 4.9 7.88E-03 9.92E-01 1.33
dodecanoic acid 5.3 pubchem: SERJEANT.EP & DEMPSEY.B (1979) 1.96E-02 9.80E-01 3.60
dodecandioic acid assumed 4.9 7.88E-03 9.92E-01 1.74
tetradecanoic acid 4.9 pubchem: BARRATT.MD (1996) 7.88E-03 9.92E-01 5.07
tetradecandioic acid assumed 4.9 7.88E-03 9.92E-01 1.94
hexadecanoic acid 4.8 predicted: SPARC; 2008 6.27E-03 9.94E-01 6.18
octadecanoic acid 4.8 predicted: SPARC; 2008 6.27E-03 9.94E-01 7.19
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Section S4 Iceberg Modelling

To model the potential effect contribution of each individual chemical (chem(s)) in a so-called
iceberg modelling approach, a few assumptions and simplifications were made. Firstly, we needed
to estimate the potential concentration of each chemical (7) in the leachate. To estimate chemical
partitioning in a two-phase equilibrium model the dry mass concentrations in the applied EW
sample were used. Mass concentrations of brominated diphenyl ethers (PBDEs), polychlorinated
biphenyls (PCBs) and bisphenol A (BPA) of this specific EW were taken from published literature
[5-7]. Assuming the worst case scenario of chemical equilibrium in the applied setup of four days

of leaching, the mass concentrations in the leachate water were calculated based on eq. S3 — S6.

1

b=V — (eq.S3)
KiE\\'"/ water T MEW
1
fiasw= T Ko ey N (eq-54)
BEW /water Vasw
B
CEW— R (eq.S5)
fiasw *my .
CASWT Ty oo (eq.S6)

frw= fraction (7) in plastic (EW)

fiasw = fraction (7) in ASW

mew= mass of plastic (EW)

Vasw= Volume of ASW

Kiew/asw= pattition constant of (7) between plastic (EW) and ASW (here Ko [L/kg])
crw = mass concentration (7) in plastic (EW)

Ciasw = mass concentration (7) in ASW

mj= total mass of compound ()

Secondly, the logK., values for each chemical BDEs 28, 47, 99, 100, 153, 154, PCBs 52, #101,
#118, #138, #153, #180, Pentabromoethylbenzene (PBEB), Hexabromobenzene (HBB), HBB
153 and BPA was calculated using the UFZ-LSER database applying existing Linear Solvation
Energy Relationship (LSER) parameters [8]. We assumed the logKoymerwaer (unknown polymer
composition of EW) partition coefficient to be in good agreement with the log Ko [9,10] and
therefore used the logK,w as an approximation. The logK,-based QSAR by Altenburger et al. [11]
was applied to estimate the chemicals ECs) concentration (see eq. 1 main manuscript). Then, effect
units derived from the chemical partitioning model (EUchem()) were calculated as the ratio of the
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predicted concentration ¢; of a chemical 7 and its predicted ECs value (eq. S7). Assuming
concentration addition in the mixture model, the sum of EUcem() resulting in EUcnem (eq. S8) was
calculated to roughly explain the percent observed biological effects in the microalgae assay by a
certain contribution of each individual chemical 7 (eq. S9). The results of this modelling approach

are presented in Table S2.

C:

EUchem D= — (eq 57)
@ ECSO(Z)
n n G,
EUchem: Z EUchem Ol EC (eq 88)
=1 =1 00
EU
Effect explained [%] = ————=—— * 100 (eq. S9)

EUbio (fluo or cell)
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Table S3: Chemical data used for modelling the chemical partitioning of chemical (7) in a two-phase system

mass concentration

chemical (/) per EW dry  total mass of chemical (J) in two- log Kow

Chemical (2) CAS mol mass  weight [ng:/kgew] [5-7] phase system (ng) mio: (LSER)[Lyater/ Loct]
Tri-BDE 28 41318-75-6 4006.90 88.4 4.42E+00 6.22
Tetra-BDE 47 5436-43-1 485.79 835.9 4.18E+01 6.73
Penta-BDE 99 60348-60-9 564.69 27991.8 1.40E+03 8.29
Penta-BDE 100 189084-64-8 564.69 5303.5 2.65E+02 7.22
Hexa-BDE 153 68631-49-2 643.58 1071982.2 5.36E+04 7.68
Hexa-BDE 154 207122-15-4 643.58 312570.8 1.56E+04 7.67
Hepta-BDE 183 207122-16-5 722.48 4471828.8 2.24E+05 8.19
PBEB 85-22-3 500.65 707.0 3.53E+01 7.17
HBB 87-82-1 551.49 889.3 4.45E+01 691
Hexa-BB 153 59080-40-9 627.58 0.2 1.16E-02 7.65
Tetra-PCB 52 35693-99-3 257.54 7064 3.53E+02 5.42
Penta-PCB 101 37680-73-2 291.99 7293 3.65E+02 5.61
Penta-PCB 118 31508-00-6 326.43 4108 2.05E+02 6.1
Hexa-PCB 153 35065-27-1 360.88 2472 1.24E+02 6.43
Hexa-PCB138 35065-28-2 360.88 2568 1.28E+02 6.59
Hepta-PCB 180 35065-29-3 395.32 408 2.04E+01 6.67
BPA 80-05-7 228.29 47852 2.39E+03 2.5
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Table S4: Results of the partitioning model, the QSAR and the iceberg modelling resulting in effect unitSchem (EUchem () of each individual compound 7 and

in the summed EUcnem, assuming concentration addition. (see details in Section S4 Iceberg Modelling)

fraction (i) fraction () mass conc. mass conc. mass conc. (i) in Altenburger
in EW in ASW (c)inEW  (c)) in ASW ASW QSAR (ECso EUdenm@ 2 EUchemp =
Chemical () (fiew) (fiasw) [ngi/kgew] (gi/Lasw) (mol/Lasw) [mol/L]) (eq- S7)  EUchem (€q.S8)
Tri-BDE 28 0.999 2.4E-06 8.8E+01 5.3E-11 1.3E-13 5.4E-07 2.4B-07 0.006

Tetra-BDE 47 0.999 7.4E-07 8.4E+02 1.6E-10 3.2E-13 2.0E-07 1.6E-06
Penta-BDE 99 0.999 2.1E-08 2.85+04 1.4E-10 2.5B-13 8.9E-09 2.9E-05
Penta-BDE 100 0.999 2.4B-07 5.3E+03 3.2B-10 5.7E-13 7.4E-08 7.6E-06
Hexa-BDE 153 0.999 8.4E-08 1.1E+06 2.2B-08 3.5E-11 3.0E-08 1.2E-03
Hexa-BDE 154 0.999 8.6E-08 3.1E+05 6.7E-09 1.0E-11 3.0E-08 3.4B-04
Hepta-BDE 183 0.999 2.6E-08 4.5E+06 2.9E-08 4.0E-11 1.1E-08 3.7E-03
Pentabromoethylbenzene (PBEB) 0.999 2.7E-07 7.1E+02 4.8E-11 9.5E-14 8.2E-08 1.2E-06
Hexabromobiphenyl (HBB) 0.999 4.9E-07 8.9E+02 1.1E-10 2.0E-13 1.4E-07 1.4E-06
Hexa-BB 153 0.999 9.0E-08 2.3E-01 5.2E-15 8.3E-18 3.2E-08 2.6E-10
Tetra-PCB 52 0.999 1.5E-05 7.1E+03 2.7E-08 1.0E-10 2.7E-06 3.9E-05
Penta-PCB 101 0.999 9.8E-06 7.3E+03 1.8E-08 6.1E-11 1.8E-06 3.4E-05
Penta-PCB 118 0.999 3.2E-06 4.1E+03 3.3E-09 1.0E-11 6.9E-07 1.4E-05
Hexa-PCB 153 0.999 1.5E-06 2.5E+03 9.2E-10 2.5E-12 3.6E-07 7.1E-06
Hexa-PCB 138 0.999 1.0E-06 2.6E+03 6.6E-10 1.8E-12 2.6B-07 7.0E-06
Hepta-PCB 180 0.999 8.6E-07 4.1E+02 8.7E-11 2.2E-13 2.2B-07 9.9E-07
BPA 0.987 1.2E-02 4.7E+04 1.5E-04 6.5E-07 8.8E-04 7.4B-04
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Table S5: Effect units (EU) as the inverse ECs values of the microalgae endpoints fluorescence (fluo), cell density (cell), and yield I and II (Y1, 11) after 2h and 24h after
dosing with respective standard etror (SE). Values ate in the units of 1/REF (relative entichment factor).

SE SE SE SE SE SE
Sample name Replicate # EU_fluo EUjuo EUca EUca EUvich  EUvihn  EUvien  EUvieh EUvian EUviah . EUvipen . EUviosn
SPE blank 1 ND ND ND ND ND ND ND ND ND ND ND ND
2 ND ND 5.8E-03  1.5E-03 ND ND 8.1E-03  2.2E-03 ND ND ND ND
3 ND ND ND ND ND ND ND ND ND ND ND ND
4 ND ND ND ND ND ND ND ND ND ND ND ND
proc.blank_DC 1 6.2E-03 27E-03 51E-03 9.5E-03 ND ND 1.1E-02 1.1E-02 5.1E-03 3.6E-01 6.0E-03 5.5E-04
2 ND ND 8.6E-03  1.6E-03 ND ND ND ND ND ND ND ND
3 ND ND 1.3E-02  9.4E-04 ND ND ND ND ND ND ND ND
proc.blank_UV 1 ND ND 2.6E-02  3.4E-02 ND ND ND ND 57E-03 5.7E-04 7.0E-03 8.4E-04
2 ND ND 8.6E-03  1.4E-03 ND ND ND ND ND ND ND ND
3 ND ND 1.6E-02  1.8E-03 ND ND ND ND ND ND ND ND
EW_DC 1 9.4E-01 1.1E-01 9.0E-01 1.4E-01 6.4E-01 1.1E-01 11E+00 7.3E-01 1.7E-01 5.6E-02 2.2E-01 7.6E-02
2 6.8E-01 4.6E+00 9.6E-01 1.3E-01 43E-01 13E-01 28E-01 7.6E-02 42E-01 1.7E-01 2.3E-01 8.7E-02
3 1.0E+00 1.6E-01 6.3E-01 1.0E-01 5.0E-01 14E-01 5.1E-01 22E-01 27E-01 82E-02 4.4E-01 7.1E-02
EW_UV 1 49E-01 1.0E-01 13E+00 1.5E+00 5.5E-01 3.6E-01 6.1E-01 35E-01 1.7E-01 18E-02 2.8E-01 5.2E-02
2 1.1E+00 1.7E-01 7.8E-01 52E-02 7.2E-01 23E-01 39E-01 12E-01 5.5E-01 23E-01 29E-01 3.7E-02
3 93E-01 27E-01 7.2E-01 14E-01 4.1E-01 8.5E-02 7.1E-01 3.5E-01 3.0E-01 7.1E-02 4.6E-01 5.3E-02
KB_DC 1 1.1E-01 7.0E-03 1.3E-01 19E-02 6.7E-02 7.1E-03 39E-02 4.1E-03 3.5E-02 22E-02 3.0E-02 7.5E-03
2 1.4E-01 2.6E-02 88E-02 19E-02 6.7E-02 1.1E-02 13E-01 43E-02 23E-02 69E-03 3.5E-02 5.3E-03
3 1.4E-01 3.5E-02 9.2E-02 1.6E-02 7.3E-02 17E-02 4.8E-02 49E-03 19E-02 47E-03 25E-02 6.5E-03
KB_UV 1 9.1E-02 15E-02 1.7E-02 83E-03 22E-02 3.6E-03 18E-02 29E-03 14E-02 99E-04 1.3E-02 1.3E-03
2 1.0E-01 19E-02 3.0E-02 9.0E-03 4.0E-02 4.6E-03 5.1E-02 99E-03 93E-03 18E-03 1.3E-02 3.4E-03
3 8.1E-02 21E-02 35E-02 14E-02 5.1E-02 1.0E-02 42E-02 1.1E-02 14E-02 27E-03 1.8E-02 2.2E-03
PE_DC 1 1.5E-02 5.2E-03 1.6E-02 3.5E-03 ND ND 1.7E-02  1.5E-02 79E-03 13E-03 1.2E-02 1.0E-03
2 9.8E-03 29E-03 12E-02 8.8E-03 58E-03 23E-03 06.7E-03 3.1E-03 ND ND ND ND
3 6.7E-03 3.7E-03 5.8E-03 3.4E-03 ND ND 1.6E-02  5.9E-03 ND ND ND ND
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SE SE SE SE SE SE

Sample name Replicate # EU_fluo EUjuo EUca EUca EUvich  EUvih  EUvien  EUvieh EUvian EUviah . EUvipen . EUviosm

PE_UV 1 32E-02 1.0E-02 4.1E-02 1.4E-02 ND ND 1.5E-02  44E-03 1.1E-02 2.0E-03 2.0E-02 3.6E-01
2 1.9E-02 45E-03 33E-02 13E-02 15E-02 4.6E-03 34E-02 6.6E-03 ND ND ND ND

3 27E-02 6. 7E-03 5.6E-02 19E-02 4.0E-02 15E-02 7.5E-02 1.5E-02 ND ND 6.1E-03 8.6E-04
PET_DC 1 ND ND ND ND ND ND ND ND ND ND ND ND
2 ND ND 8.3E-03  3.4E-03 ND ND ND ND ND ND ND ND
3 1.0E-02 6.4E-02 13E-02 2.8E-03 ND ND ND ND ND ND ND ND

PET_UV 1 7.7E-03 1.8E-03 ND ND ND ND 1.4E-02  7.8E-03 ND ND 7.8E-03 3.6E-03
2 7.3E-03 27E-03 1.7E-02 3.4E-03 ND ND ND ND ND ND ND ND
3 1.3E-02 2.7E-03 12E-02 2.6E-03 ND ND ND ND ND ND ND ND
PS_DC 1 ND ND ND ND ND ND ND ND ND ND ND ND
2 ND ND ND ND ND ND ND ND ND ND ND ND
3 ND ND 14E-02  1.3E-03 #DIV/0! ND ND ND ND ND ND ND

PS_UV 1 1.1E-02 5.2E-03 14E-02 1.6E-03 ND ND 54E-03 29E-03 53E-03 1.1E-03 9.6E-03 3.5E-04
2 9.2E-03 32E-03 13E-02 2.5E-03 ND ND ND ND ND ND ND ND
3 ND ND 1.3E-02  3.2E-03 ND ND ND ND ND ND ND ND
PP_DC 1 8.3E-03 2.5E-03 ND ND ND ND 1.0E-02  4.5E-03 ND ND ND ND
2 ND ND 8.8E-03 3.4E-03 83E-03 3.1E-03 ND ND ND ND ND ND
3 58E-03 6.0E-04 15E-02 2.2E-03 ND ND ND ND ND ND ND ND

PP_UV 1 1.1E-02 4.1E-03 42E-02 4.0E-02 7.5E-03 3.6E-03 39E-02 24E-02 7.2E-03 14E-03 9.9E-03 2.8E-03
2 ND ND 94E-03  4.7E-03 ND ND ND ND ND ND ND ND

3 9.3E-03 29E-03 24E-02 1.5E-03 ND ND ND ND ND ND 5.5E-03 3.5E-03

ND = not detected at REF < 198
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Table S6: Parameters of the linear models (y=ax +4) using the microalgae endpoints (EUguo, EUcet, EUyi24n
and EUvyizan) the as y-variable as a function of the cytotoxicity values (TUwi) of the reporter gene results
from Rummel et al. (2019) as x-variable.

Coefficient of

determination
y-variable  x-variable Slope 2  Intercept b R? p - value
R TUpio AhR 1.2 1.1 0.65 <0.0001
) TUpioc AREc32 1.6 35 0.38 0.003
= TUpio PPARy -0.4 -3.3 0.0003 0.32
- TUpio ARR 0.8 1.2 0.08 0.05
BU TUpi, AREc32 2.6 7.3 0.42 <0.01
TUio PPARy -0.29 -2.3 -0.02 0.56
r TUpic AhR 1.5 2.2 0.83 <0.0001
S TUpio AREc32 2.3 5.9 0.44 <0.05
K TUi, PPARy -0.1 1.7 -0.07 0.89
= TUpio AR 1.3 1 0.88 <0.0001
D‘é TUpio AREC32 22 49 0.52 <0.01
- TUgi, PPARy -0.3 -3.3 -0.04 0.58

Table S 7: Results of the iceberg modelling which explains the percent [%] observed biological effect of
the endpoint fluorescence or cell number by EUchem (see details section ESM 3 iceberg modelling, Table S3,
Table S4)

Percent effectau, Percent effectcen
Y EUchemy = explained by EUchem [%] explained by EUchem [%0]
EUchem Sample name Replicate # (eq. S9) (eq. S9)

6,08E-03 1 0.04 0.67
EWnc 2 0.89 0.63

3 0.01 0.96

1 1.24 0.47

EWuv 2 0.54 0.78

3 0.65 0.84
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