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S1. Comparison of steady-state mass and concentration calculations using SimpleBox4nano (v4.01-
nano) in Excel and the SimpleBox4nano web application

Table S1. Comparison of steady-state mass and concentration calculations for nZnQO, using SimpleBox4nano (v4.01-nano)
in Excel and the SimpleBox4nano web application under default scenarios within the regional scale (all values are
rounded to one decimal point).

nZnO
SimpleBox4nano (v4.01-nano) SimpleBox4nano
in Excel
Receiving Masses (kg) Concentrations Masses (kg) Concentrations Concentration
Compartment Units
Air 5.6E+04 2.5E-07 5.6E+04 2.5E-07 g.m?
Dissolved/Gas 2.0E+04 8.6E-08 2.0E+04 8.6E-08 g.m?
species (G/D)
* GAS PHASE 8.4E-09 3.7E-20 8.4E-09 3.7E-20 g.m?
* AEROSOL- and 2.0E+04 8.6E-08 2.0E+04 8.6E-08 g.m
CLOUD PHASES
Solid species (S) 7.1E+03 3.1E-08 7.1E+03 3.1E-08 g.m
Species attached to 3.0E+04 1.3E-07 3.0E+04 1.3E-07 g.m?
NCs (<450 nm) (A)
Species attached to 2.0E-01 8.9E-13 2.0E-01 8.9E-13 g.m
suspended particles
(>450 nm) (P)
Fresh water lake 1.8E+04 3.1E-07 1.8E+04 3.1E-07 g.L!
Dissolved/Gas 1.8E+04 3.1E-07 1.8E+04 3.1E-07 gLt
species (G/D)
* DISSOLVED 1.8E+04 3.1E-07 1.8E+04 3.1E-07 gLt
* SUSPENDED 4.8E+00 3.1E-05 4.8E+00 3.1E-05 g.kg(d)!
SOLIDS
Solid species (S) 7.1E-02 1.2E-12 7.1E-02 1.2E-12 gL}
Species attached to 5.5E+01 9.7E-10 5.5E+01 9.7E-10 gLt
NCs (<450 nm) (A)
Species attached to 2.7E-02 4.7E-13 2.7E-02 4.7E-13 gLt
suspended particles
(>450 nm) (P)
Fresh water lake 5.1E+02 2.3E-05 5.1E+02 2.3E-05 gkg(w)!
sediment
Dissolved/Gas 5.1E+02 2.3E-05 5.1E+02 2.3E-05 gkg(w)!
species (G/D)
* PORE WATER 4.1E+02 1.1E-03 4.1E+02 1.1E-03 g.L-!
* SOLID PHASE 1.0E+02 5.7E-02 1.0E+02 5.7E-02 g.kg(d)’!
Solid species (S) 1.5E-07 6.6E-15 1.5E-07 6.6E-15 g.kg(w)’!
Species attached to 4.1E-02 1.8E-09 4.1E-02 1.8E-09 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 7.8E-03 3.5E-10 7.8E-03 3.5E-10 g.kg(w)!
suspended particles
(>450 nm) (P)
Fresh water 1.9E+07 1.0E-03 1.9E+07 1.0E-03 g L!
Dissolved/Gas 1.9E+07 1.0E-03 1.9E+07 1.0E-03 gLt
species (G/D)
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* DISSOLVED 1.9E+07 1.0E-03 1.9E+07 1.0E-03 g.L-!
* SUSPENDED 3.3E+04 1.0E-01 3.3E+04 1.0E-01 g.kg(d)!
SOLIDS
Solid species (S) 8.8E+02 4.7E-08 8.8E+02 4.7E-08 g L!
Species attached to 1.5E+05 8.2E-06 1.5E+05 8.2E-06 gL
NCs (<450 nm) (A)
Species attached to 5.2E+03 2.8E-07 5.2E+03 2.8E-07 gLt
suspended particles
(>450 nm) (P)
Fresh water 8.5E+06 3.5E-02 8.5E+06 3.5E-02 g.kg(w)!
sediment
Dissolved/Gas 8.4E+06 3.4E-02 8.4E+06 3.4E-02 g.kg(w)!
species (G/D)
* PORE WATER 6.7E+06 1.7E+00 6.7E+06 1.7E+00 g L!
* SOLID PHASE 1.7E+06 8.7E+01 1.7E+06 8.7E+01 g.kg(d)!
Solid species (S) 6.1E-02 2.5E-10 6.1E-02 2.5E-10 g kg(w)!
Species attached to 3.7E+03 1.5E-05 3.7E+03 1.5E-05 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 5.0E+04 2.0E-04 5.0E+04 2.0E-04 gkg(w)!
suspended particles
(>450 nm) (P)
Surface sea/ocean 5.4E+06 5.4E-04 5.4E+06 5.4E-04 gL!
water
Dissolved/Gas 5.4E+06 5.4E-04 5.4E+06 5.4E-04 gL
species (G/D)
* DISSOLVED 5.4E+06 5.4E-04 5.4E+06 5.4E-04 g.L-!
* SUSPENDED 3.9E+03 5.4E-02 3.9E+03 5.4E-02 g.kg(d)!
SOLIDS
Solid species (S) 2.1E-01 2.1E-11 2.1E-01 2.1E-11 g L!
Species attached to 3.8E+03 3.8E-07 3.8E+03 3.8E-07 gL
NCs (<450 nm) (A)
Species attached to 6.5E+01 6.5E-09 6.5E+01 6.5E-09 gLt
suspended particles
(>450 nm) (P)
Marine sediment 5.9E+05 1.5E-02 5.9E+05 1.5E-02 g.kg(w)!
Dissolved/Gas 5.9E+05 1.5E-02 5.9E+05 1.5E-02 g.kg(w)!
species (G/D)
* PORE WATER 4.7E+05 7.6E-04 4.7E+05 7.6E-04 gL}
* SOLID PHASE 1.2E+05 3.8E-02 1.2E+05 3.8E-02 g.kg(d)!
Solid species (S) 8.7E-07 2.2E-14 8.7E-07 2.2E-14 g kg(w)!
Species attached to 2.8E+01 7.1E-07 2.8E+01 7.1E-07 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 1.9E+02 4.8E-06 1.9E+02 4.8E-06 g.kg(w)!
suspended particles
(>450 nm) (P)
Natural soil 8.6E+06 1.6E-03 8.6E+06 1.6E-03 g.kg(w)!
Dissolved/Gas 8.6E+06 1.6E-03 8.6E+06 1.6E-03 gkg(w)!
species (G/D)
* PORE WATER 5.7E+04 9.2E-05 5.7E+04 9.2E-05 gLt
* SOLID PHASE 8.5E+06 1.8E-03 8.5E+06 1.8E-03 g.kg(d)!
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Solid species (S) 7.6E-02 1.5E-11 7.6E-02 1.5E-11 g.kg(w)!
Species attached to 3.6E+03 6.8E-07 3.6E+03 6.8E-07 g.kg(w)!
NCs (<450 nm) (A)

Species attached to 4.1E+02 7.8E-08 4.1E+02 7.8E-08 g.kg(w)!
suspended particles
(>450 nm) (P)
Agricultural soil 3.3E+08 7.1E-03 3.3E+08 7.1E-03 g.kg(w)!
Dissolved/Gas 3.3E+08 7.1E-03 3.3E+08 7.1E-03 g.kg(w)!
species (G/D)

* PORE WATER 2.2E+06 4.0E-04 2.2E+06 4.0E-04 gL}

* SOLID PHASE 3.3E+08 8.0E-03 3.3E+08 8.0E-03 g.kg(d)!

Solid species (S) 2.7E+01 5.9E-10 2.7E+01 5.9E-10 g.kg(w)!
Species attached to 1.7E+05 3.6E-06 1.7E+05 3.6E-06 g.kg(w)!
NCs (<450 nm) (A)

Species attached to 1.5E+05 3.2E-06 1.5E+05 3.2E-06 g.kg(w)!
suspended particles
(>450 nm) (P)
Other soil 3.2E+06 1.6E-03 3.2E+06 1.6E-03 g.kg(w)!
Dissolved/Gas 3.2E+06 1.6E-03 3.2E+06 1.6E-03 gkg(w)!
species (G/D)

* PORE WATER 2.1E+04 9.2E-05 2.1E+04 9.2E-05 gLt

* SOLID PHASE 3.2E+06 1.8E-03 3.2E+06 1.8E-03 g.kg(d)!

Solid species (S) 2.8E-02 1.5E-11 2.8E-02 1.5E-11 gkg(w)!
Species attached to 1.3E+03 6.8E-07 1.3E+03 6.8E-07 gkg(w)!
NCs (<450 nm) (A)

Species attached to 1.5E+02 7.8E-08 1.5E+02 7.8E-08 gkg(w)!
suspended particles
(>450 nm) (P)
Total D 3.8E+08 1.6E-06 3.8E+08 1.6E-06 gL
Total S 8.0E+03 3.5E-11 8.0E+03 3.5E-11 gL
Total A 3.6E+05 1.6E-09 3.6E+05 1.6E-09 gL
Total P 2.0E+05 8.8E-10 2.0E+05 8.8E-10 gL
Total 3.8E+08 1.6E-06 3.8E+08 1.6E-06 gL
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30 Table S2. Comparison of steady-state mass and concentration calculations for nZnO, using SimpleBox4nano (v4.01-nano)
in Excel and the SimpleBox4nano web application under default scenarios within the continental scale (all values are
rounded to one decimal point).
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nZnO
SimpleBox4nano (v4.01-nano) SimpleBox4nano
in Excel
Receiving Masses (kg) Concentrations Masses (kg) Concentrations Concentration
Compartment Units
Air 1.7E+05 2.3E-08 1.7E+05 2.3E-08 g.m?
Dissolved/Gas 2.0E+04 2.7E-09 2.0E+04 2.7E-09 g.m?
species (G/D)
* GAS PHASE 8.4E-09 1.2E-21 8.4E-09 1.2E-21 g.m?
* AEROSOL- and 2.0E+04 2.7E-09 2.0E+04 2.7E-09 g.m
CLOUD PHASES
Solid species (S) 1.8E+03 2.5E-10 1.8E+03 2.5E-10 g.m
Species attached to 1.5E+05 2.0E-08 1.5E+05 2.0E-08 g.m
NCs (<450 nm) (A)
Species attached to 8.1E-02 1.1E-14 8.1E-02 1.1E-14 g.m
suspended particles
(>450 nm) (P)
Fresh water lake 1.6E+05 1.7E-07 1.6E+05 1.7E-07 g.L!
Dissolved/Gas 1.6E+05 1.7E-07 1.6E+05 1.7E-07 g.L!
species (G/D)
* DISSOLVED 1.6E+05 1.7E-07 1.6E+05 1.7E-07 g.L!
* SUSPENDED 43E+01 1.7E-05 4.3E+01 1.7E-05 g.kg(d)!
SOLIDS
Solid species (S) 9.2E-03 1.0E-14 9.2E-03 1.0E-14 gL}
Species attached to 1.2E+02 1.3E-10 1.2E+02 1.3E-10 gLt
NCs (<450 nm) (A)
Species attached to 4.2E-03 4.6E-15 4.2E-03 4.6E-15 gL!
suspended particles
(>450 nm) (P)
Fresh water lake 4.3E+03 1.2E-05 4.3E+03 1.2E-05 gkg(w)!
sediment
Dissolved/Gas 4.3E+03 1.2E-05 4.3E+03 1.2E-05 gkg(w)!
species (G/D)
* PORE WATER 3.5E+03 6.0E-04 3.5E+03 6.0E-04 gL
* SOLID PHASE 8.7E+02 3.0E-02 8.7E+02 3.0E-02 g.kg(d)’!
Solid species (S) 2.1E-09 5.9E-18 2.1E-09 5.9E-18 g.kg(w)’!
Species attached to 8.7E-02 2.4E-10 8.7E-02 2.4E-10 gkg(w)!
NCs (<450 nm) (A)
Species attached to 1.3E-03 3.5E-12 1.3E-03 3.5E-12 g.kg(w)!
suspended particles
(>450 nm) (P)
Fresh water 1.6E+06 5.1E-06 1.6E+06 5.1E-06 g L!
Dissolved/Gas 1.6E+06 5.1E-06 1.6E+06 5.1E-06 g.L!
species (G/D)
* DISSOLVED 1.6E+06 5.1E-06 1.6E+06 5.1E-06 g.L!
* SUSPENDED 2.7E+03 5.1E-04 2.7E+03 5.1E-04 g.kg(d)!
SOLIDS
Solid species (S) 7.4E-02 2.4E-13 7.4E-02 2.4E-13 gL}
Species attached to 2.9E+03 9.3E-09 2.9E+03 9.3E-09 gL!
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NCs (<450 nm) (A)

Species attached to 4.4E-01 1.4E-12 4.4E-01 1.4E-12 gL!
suspended particles
(>450 nm) (P)
Fresh water 6.2E+05 1.6E-04 6.2E+05 1.6E-04 g.kg(w)!
sediment
Dissolved/Gas 6.2E+05 1.6E-04 6.2E+05 1.6E-04 g.kg(w)!
species (G/D)
* PORE WATER 5.0E+05 7.9E-03 5.0E+05 7.9E-03 gL}
* SOLID PHASE 1.2E+05 3.9E-01 1.2E+05 3.9E-01 g.kg(d)!
Solid species (S) 5.7E-07 1.4E-16 5.7E-07 1.4E-16 g kg(w)!
Species attached to 6.9E+01 1.7E-08 6.9E+01 1.7E-08 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 4.2E+00 1.1E-09 4.2E+00 1.1E-09 g.kg(w)!
suspended particles
(>450 nm) (P)
Surface sea/ocean 34E+11 4.9E-04 34E+11 4.9E-04 gL!
water
Dissolved/Gas 34E+11 4.9E-04 34E+11 4.9E-04 gL!
species (G/D)
* DISSOLVED 3.4E+11 4.9E-04 3.4E+11 4.9E-04 gL}
* SUSPENDED 2.5E+08 4.9E-02 2.5E+08 4.9E-02 g.kg(d)!
SOLIDS
Solid species (S) 1.9E+00 2.8E-15 1.9E+00 2.8E-15 gL!
Species attached to 4.5E+04 6.5E-11 4.5E+04 6.5E-11 gL
NCs (<450 nm) (A)
Species attached to 7.5E+01 1.1E-13 7.5E+01 1.1E-13 gL
suspended particles
(>450 nm) (P)
Marine sediment 1.8E+09 1.3E-02 1.8E+09 1.3E-02 g.kg(w)!
Dissolved/Gas 1.8E+09 1.3E-02 1.8E+09 1.3E-02 g.kg(w)!
species (G/D)
* PORE WATER 1.5E+09 6.8E-04 1.5E+09 6.8E-04 gLt
* SOLID PHASE 3.7E+08 3.4E-02 3.7E+08 3.4E-02 g.kg(d)!
Solid species (S) 9.6E-08 7.1E-19 9.6E-08 7.1E-19 g kg(w)!
Species attached to 1.7E+01 1.2E-10 1.7E+01 1.2E-10 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 1.1E+01 8.1E-11 1.1E+01 8.1E-11 g.kg(w)!
suspended particles
(>450 nm) (P)

Natural soil 6.3E+06 7.4E-05 6.3E+06 7.4E-05 g kg(w)!
Dissolved/Gas 6.3E+06 7.4E-05 6.3E+06 7.4E-05 g.kg(w)!
species (G/D)

* PORE WATER 4.2E+04 4.2E-06 4.2E+04 4.2E-06 g.L!

* SOLID PHASE 6.3E+06 8.3E-05 6.3E+06 8.3E-05 g.kg(d)!

Solid species (S) 1.0E-02 1.2E-13 1.0E-02 1.2E-13 gkg(w)!
Species attached to 8.2E+03 9.7E-08 8.2E+03 9.7E-08 gkg(w)!
NCs (<450 nm) (A)
Species attached to 5.4E+01 6.3E-10 5.4E+01 6.3E-10 gkg(w)!
suspended particles
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(>450 nm) (P)

Agricultural soil 3.1E+07 4.1E-05 3.1E+07 4.1E-05 g.kg(w)!
Dissolved/Gas 3.1E+07 4.1E-05 3.1E+07 4.1E-05 g.kg(w)!
species (G/D)
* PORE WATER 2.1E+05 2.3E-06 2.1E+05 2.3E-06 g.L-!
* SOLID PHASE 3.1E+07 4.7E-05 3.1E+07 4.7E-05 g.kg(d)!
Solid species (S) 2.2E-02 2.9E-14 2.2E-02 2.9E-14 g.kg(w)!
Species attached to 2.0E+04 2.6E-08 2.0E+04 2.6E-08 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 1.2E+02 1.6E-10 1.2E+02 1.6E-10 g.kg(w)!
suspended particles
(>450 nm) (P)

Other soil 2.3E+06 7.4E-05 2.3E+06 7.4E-05 g.kg(w)!
Dissolved/Gas 2.3E+06 7.4E-05 2.3E+06 7.4E-05 g.kg(w)!
species (G/D)

* PORE WATER 1.5E+04 4.2E-06 1.5E+04 4.2E-06 gLt
* SOLID PHASE 2.3E+06 8.3E-05 2.3E+06 8.3E-05 g.kg(d)!
Solid species (S) 3.7E-03 1.2E-13 3.7E-03 1.2E-13 g kg(w)!
Species attached to 3.1E+03 9.7E-08 3.1E+03 9.7E-08 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 2.0E+01 6.3E-10 2.0E+01 6.3E-10 g.kg(w)!
suspended particles
(>450 nm) (P)
Total D 3.4E+11 4.4E-05 3.4E+11 4.4E-05 gLt
Total S 1.8E+03 2.3E-13 1.8E+03 2.3E-13 gLt
Total A 2.3E+05 2.9E-11 2.3E+05 2.9E-11 g.L!
Total P 2.8E+02 3.6E-14 2.8E+02 3.6E-14 g.L!
Total 3.4E+11 4.4E-05 3.4E+11 4.4E-05 gLt
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Table S3. Comparison of steady-state mass and concentration calculations for nZnQO, using SimpleBox4nano (v4.01-nano)
in Excel and the SimpleBox4nano web application under default scenarios within the moderate zone (all values are
rounded to one decimal point).

nZnO
SimpleBox4nano (v4.01-nano) SimpleBox4nano
in Excel
Receiving Masses (kg) Concentrations Masses (kg) Concentrations Concentration
Compartment Units
Air 9.2E+04 1.2E-09 9.2E+04 1.2E-09 g.m?
Dissolved/Gas 3.0E+03 3.9E-11 3.0E+03 3.9E-11 g.m?
species (G/D)
* GAS PHASE 1.3E-09 1.7E-23 1.3E-09 1.7E-23 g.m?
* AEROSOL- and 3.0E+03 3.9E-11 3.0E+03 3.9E-11 g.m
CLOUD PHASES
Solid species (S) 6.6E+01 8.5E-13 6.6E+01 8.5E-13 g.m
Species attached to 8.9E+04 1.1E-09 8.9E+04 1.1E-09 g.m
NCs (<450 nm) (A)
Species attached to 3.6E-03 4.6E-17 3.6E-03 4.6E-17 g.m
suspended particles
(>450 nm) (P)
Surface sea/ocean 1.9E+12 4.9E-04 1.9E+12 4.9E-04 gLt
water
Dissolved/Gas 1.9E+12 4.9E-04 1.9E+12 4.9E-04 gLt
species (G/D)
* DISSOLVED 1.9E+12 4.9E-04 1.9E+12 4.9E-04 gL}
* SUSPENDED 1.4E+09 4.9E-02 1.4E+09 4.9E-02 g.kg(d)!
SOLIDS
Solid species (S) 5.9E-02 1.5E-17 5.9E-02 1.5E-17 gL}
Species attached to 4.0E+04 1.0E-11 4.0E+04 1.0E-11 gL!
NCs (<450 nm) (A)
Species attached to 1.7E+00 4.5E-16 1.7E+00 4.5E-16 gLt
suspended particles
(>450 nm) (P)
Deep sea/ocean 5.7E+13 4.9E-04 5.7E+13 4.9E-04 gL!
water
Dissolved/Gas 5.7E+13 4.9E-04 5.7E+13 4.9E-04 gL
species (G/D)
* DISSOLVED 5.7E+13 4.9E-04 5.7E+13 4.9E-04 gL
* SUSPENDED 4.1E+10 4.9E-02 4.1E+10 4.9E-02 g.kg(d)!
SOLIDS
Solid species (S) 1.7E-05 1.4E-22 1.7E-05 1.4E-22 g L!
Species attached to 6.0E+03 5.2E-14 6.0E+03 5.2E-14 gL
NCs (<450 nm) (A)
Species attached to 5.6E-01 4.8E-18 5.6E-01 4.8E-18 g.L!
suspended particles
(>450 nm) (P)
Marine sediment 2.0E+10 1.3E-02 2.0E+10 1.3E-02 g.kg(w)!
Dissolved/Gas 2.0E+10 1.3E-02 2.0E+10 1.3E-02 g.kg(w)!
species (G/D)
* PORE WATER 1.6E+10 6.8E-04 1.6E+10 6.8E-04 gLt
* SOLID PHASE 4.1E+09 3.4E-02 4.1E+09 3.4E-02 g.kg(d)!
Solid species (S) 5.6E-14 3.7E-26 5.6E-14 3.7E-26 g kg(w)!

S8



37

Species attached to 1.5E-01 9.7E-14 1.5E-01 9.7E-14 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 5.5E-03 3.6E-15 5.5E-03 3.6E-15 g.kg(w)!
suspended particles
(>450 nm) (P)
Other soil 1.3E+07 4.0E-06 1.3E+07 4.0E-06 g.kg(w)!
Dissolved/Gas 1.3E+07 4.0E-06 1.3E+07 4.0E-06 g.kg(w)!
species (G/D)
* PORE WATER 8.7E+04 2.2E-07 8.7E+04 2.2E-07 gL}
* SOLID PHASE 1.3E+07 4.5E-06 1.3E+07 4.5E-06 g.kg(d)!
Solid species (S) 3.6E-03 1.1E-15 3.6E-03 1.1E-15 g kg(w)!
Species attached to 5.0E+04 1.5E-08 5.0E+04 1.5E-08 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 2.0E+01 5.9E-12 2.0E+01 5.9E-12 g.kg(w)!
suspended particles
(>450 nm) (P)
Total D 5.9E+13 3.0E-04 5.9E+13 3.0E-04 gL!
Total S 6.6E+01 3.3E-16 6.6E+01 3.3E-16 g.L!
Total A 1.8E+05 9.3E-13 1.8E+05 9.3E-13 g.L!
Total P 2.2E+01 1.1E-16 2.2E+01 1.1E-16 g.L!
Total 5.9E+13 3.0E-04 5.9E+13 3.0E-04 gL!
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Table S4. Comparison of steady-state mass and concentration calculations for nZnQO, using SimpleBox4nano (v4.01-nano)
in Excel and the SimpleBox4nano web application under default scenarios within the arctic zone (all values are rounded

to one decimal point).

nZnO
SimpleBox4Nano (v4.01-nano) SimpleBox4Nano
in Excel
Receiving Masses (kg) Concentrations Masses (kg) Concentrations Concentration
Compartment Units
Air 1.9E+04 4.5E-10 1.9E+04 4.5E-10 g.m?
Dissolved/Gas 1.3E+02 3.1E-12 1.3E+02 3.1E-12 g.m?
species (G/D)
* GAS PHASE 5.6E-11 1.3E-24 5.6E-11 1.3E-24 g.m?
* AEROSOL- and 1.3E+02 3.1E-12 1.3E+02 3.1E-12 g.m
CLOUD PHASES
Solid species (S) 7.3E-01 1.7E-14 7.3E-01 1.7E-14 g.m?
Species attached to 1.9E+04 4.5E-10 1.9E+04 4.5E-10 g.m
NCs (<450 nm) (A)
Species attached to 1.1E-04 2.5E-18 1.1E-04 2.5E-18 g.m
suspended particles
(>450 nm) (P)
Surface sea/ocean 1.5E+12 6.0E-04 1.5E+12 6.0E-04 gLt
water
Dissolved/Gas 1.5E+12 6.0E-04 1.5E+12 6.0E-04 gLt
species (G/D)
* DISSOLVED 1.5E+12 6.0E-04 1.5E+12 6.0E-04 gL}
* SUSPENDED 1.1E+09 6.0E-02 1.1E+09 6.0E-02 g.kg(d)!
SOLIDS
Solid species (S) 6.6E-04 2.6E-19 6.6E-04 2.6E-19 gL}
Species attached to 8.2E+03 3.2E-12 8.2E+03 3.2E-12 gL!
NCs (<450 nm) (A)
Species attached to 3.8E-02 1.5E-17 3.8E-02 1.5E-17 gLt
suspended particles
(>450 nm) (P)
Deep sea/ocean 3.8E+13 4.9E-04 3.8E+13 4.9E-04 gL!
water
Dissolved/Gas 3.8E+13 4.9E-04 3.8E+13 4.9E-04 gL
species (G/D)
* DISSOLVED 3.8E+13 4.9E-04 3.8E+13 4.9E-04 gL
* SUSPENDED 2.7E+10 4.9E-02 2.7E+10 4.9E-02 g.kg(d)!
SOLIDS
Solid species (S) 2.2E-07 2.9E-24 2.2E-07 2.9E-24 g L!
Species attached to 1.3E+03 1.7E-14 1.3E+03 1.7E-14 gL
NCs (<450 nm) (A)
Species attached to 1.3E-02 1.7E-19 1.3E-02 1.7E-19 g.L!
suspended particles
(>450 nm) (P)
Marine sediment 1.3E+10 1.3E-02 1.3E+10 1.3E-02 g.kg(w)!
Dissolved/Gas 1.3E+10 1.3E-02 1.3E+10 1.3E-02 g.kg(w)!
species (G/D)
* PORE WATER 1.1E+10 6.8E-04 1.1E+10 6.8E-04 gLt
* SOLID PHASE 2.7E+09 3.4E-02 2.7E+09 3.4E-02 g.kg(d)!
Solid species (S) 7.4E-16 7.4E-28 7.4E-16 7.4E-28 g kg(w)!
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Species attached to 3.3E-02 3.3E-14 3.3E-02 3.3E-14 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 1.2E-04 1.2E-16 1.2E-04 1.3E-16 g.kg(w)!
suspended particles

(>450 nm) (P)

Other soil 3.8E+06 2.6E-06 3.8E+06 2.6E-06 g.kg(w)!
Dissolved/Gas 3.8E+06 2.6E-06 3.8E+06 2.6E-06 g.kg(w)!
species (G/D)

* PORE WATER 2.5E+04 1.5E-07 2.5E+04 1.5E-07 gL}
* SOLID PHASE 3.8E+06 3.0E-06 3.8E+06 3.0E-06 g.kg(d)!
Solid species (S) 2.2E-05 1.5E-17 2.2E-05 1.5E-17 g kg(w)!
Species attached to 6.1E+03 4.2E-09 6.1E+03 4.2E-09 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 1.2E-01 8.1E-14 1.2E-01 8.1E-14 g.kg(w)!
suspended particles
(>450 nm) (P)
Total D 3.9E+13 3.2E-04 3.9E+13 3.2E-04 gL!
Total S 7.3E-01 6.0E-18 7.3E-01 6.0E-18 g.L!
Total A 3.5E+04 2.9E-13 3.5E+04 2.9E-13 g.L!
Total P 1.7E-01 1.4E-18 1.7E-01 1.4E-18 g.L!
Total 3.9E+13 3.2E-04 3.9E+13 3.2E-04 gL!
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Table S5. Comparison of steady-state mass and concentration calculations for nZnQO, using SimpleBox4nano (v4.01-nano)
in Excel and the SimpleBox4nano web application under default scenarios within the tropic zone (all values are rounded

to one decimal point).

nZnO
SimpleBox4nano (v4.01-nano) SimpleBox4nano
in Excel
Receiving Masses (kg) Concentrations Masses (kg) Concentrations Concentration
Compartment Units
Air 2.7E+04 2.1E-10 2.7E+04 2.1E-10 g.m?
Dissolved/Gas 2.3E+02 1.8E-12 2.3E+02 1.8E-12 g.m?
species (G/D)
* GAS PHASE 9.9E-11 3.1E-24 9.9E-11 3.1E-24 g.m?
* AEROSOL- and 2.3E+02 1.8E-12 2.3E+02 1.8E-12 g.m
CLOUD PHASES
Solid species (S) 1.1E+00 8.7E-15 1.1E+00 8.7E-15 g.m
Species attached to 2.6E+04 2.1E-10 2.6E+04 2.1E-10 g.m
NCs (<450 nm) (A)
Species attached to 3.7E-05 2.9E-19 3.7E-05 2.9E-19 g.m
suspended particles
(>450 nm) (P)
Surface sea/ocean 44E+12 4.9E-04 4.4E+12 4.9E-04 gLt
water
Dissolved/Gas 44E+12 4.9E-04 4.4E+12 4.9E-04 gLt
species (G/D)
* DISSOLVED 44E+12 4.9E-04 4.4E+12 4.9E-04 gL}
* SUSPENDED 3.2E+09 4.9E-02 3.2E+09 4.9E-02 g.kg(d)!
SOLIDS
Solid species (S) 1.6E-03 1.8E-19 1.6E-03 1.8E-19 gL}
Species attached to 1.9E+04 2.2E-12 1.9E+04 2.2E-12 gL!
NCs (<450 nm) (A)
Species attached to 1.8E-02 2.1E-18 1.8E-02 2.1E-18 gLt
suspended particles
(>450 nm) (P)
Deep sea/ocean 1.4E+14 5.3E-04 1.4E+14 5.3E-04 gL!
water
Dissolved/Gas 1.4E+14 5.3E-04 1.4E+14 5.3E-04 gL!
species (G/D)
* DISSOLVED 1.4E+14 5.3E-04 1.4E+14 5.3E-04 gL
* SUSPENDED 1.0E+11 5.3E-02 1.0E+11 5.3E-02 g.kg(d)!
SOLIDS
Solid species (S) 4.0E-07 1.5E-24 4.0E-07 1.5E-24 g L!
Species attached to 2.7E+03 1.0E-14 2.7E+03 1.0E-14 gL
NCs (<450 nm) (A)
Species attached to 6.2E-03 2.3E-20 6.2E-03 2.3E-20 g.L!
suspended particles
(>450 nm) (P)
Marine sediment 5.0E+10 1.4E-02 5.0E+10 1.4E-02 g.kg(w)!
Dissolved/Gas 5.0E+10 1.4E-02 5.0E+10 1.4E-02 g.kg(w)!
species (G/D)
* PORE WATER 4.0E+10 7.3E-04 4.0E+10 7.3E-04 gLt
* SOLID PHASE 1.0E+10 3.6E-02 1.0E+10 3.6E-02 g.kg(d)!
Solid species (S) 1.3E-15 3.7E-28 1.3E-15 3.7E-28 g kg(w)!
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Species attached to 6.5E-02 1.9E-14 6.5E-02 1.9E-14 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 6.0E-05 1.7E-17 6.0E-05 1.7E-17 g.kg(w)!
suspended particles
(>450 nm) (P)
Other soil 1.3E+06 3.9E-07 1.3E+06 3.9E-07 g.kg(w)!
Dissolved/Gas 1.3E+06 3.9E-07 1.3E+06 3.9E-07 g.kg(w)!
species (G/D)
* PORE WATER 8.4E+03 2.2E-08 8.4E+03 2.2E-08 gL}
* SOLID PHASE 1.3E+06 4.4E-07 1.3E+06 4.4E-07 g.kg(d)!
Solid species (S) 4.7E-05 1.4E-17 4.7E-05 1.4E-17 g kg(w)!
Species attached to 1.0E+04 3.2E-09 1.0E+04 3.2E-09 g.kg(w)!
NCs (<450 nm) (A)
Species attached to 2.5E-01 7.8E-14 2.5E-01 7.8E-14 g.kg(w)!
suspended particles
(>450 nm) (P)
Total D 1.5E+14 3.6E-04 1.5E+14 3.6E-04 gL!
Total S 1.1E+00 2.8E-18 1.1E+00 2.8E-18 g.L!
Total A 5.9E+04 1.5E-13 5.9E+04 1.5E-13 g.L!
Total P 2.8E-01 6.9E-19 2.8E-01 6.9E-19 g.L!
Total 1.5E+14 3.6E-04 1.5E+14 3.6E-04 gL!
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48 Table S6. Steady-state mass flows (kg s!) calculations for nZnO, using SimpleBox4nano (v4.01-nano) in Excel under default scenarios (all values are rounded to one decimal point).

49

Comparison of steady-state mass flow (kg s-!) calculations using SimpleBox4nano (v4.01-nano) in Excel and the SimpleBox4nano web application

Formation (S,A,P- soil- water- sed-
Dissolved species Emission | Inflow Outflow Removal >D) Degradation | air-water water-air air-soil soil-air water sed water mass
transport transport transport transport transport transport transport | balance

Regional Scale
air aR 3.2E-01 | 5.9E-03 1.9E-01 7.3E-06 7.6E-29 1.4E-01 2.0E-18 0.0E+00
fresh water lakes wOR 0.0E+00 4.3E-04 9.2E-05 7.3E-17 3.4E-04 9.0E-24 1.4E-06 0.0E+00 0.0E+00
fresh water wlR | 3.2E-01 4.3E-04 1.4E+00 2.6E-01 7.7E-14 3.7E-03 3.2E-19 7.7E-01 4.9E-01 5.2E-01 0.0E+00
coastal sea water w2R | 0.0E+00 | 7.4E+00 7.4E+00 6.3E-03 2.2E-14 5.9E-04 2.7E-20 2.6E-02 2.6E-02 0.0E+00
fresh water sediment sd1R 2.4E-02  5.4E-02 3.4E-14 4.9E-01 5.2E-01 0.0E+00
coastal marine sediment sd2R 5.4E-04  2.2E-04 2.4E-15 2.6E-02 2.6E-02 0.0E+00
natural soil s1R 0.0E+00 2.7E-04  4.0E-03 3.5E-14 3.7E-02 8.6E-20 4.0E-02 0.0E+00
agricultural soil s2R 3.2E-01 4.8E-03  3.2E-01 1.3E-12 8.1E-02 1.5E-18 7.1E-01 0.0E+00
other soil s3R 0.0E+00 1.0E-04  1.5E-03 1.3E-14 1.4E-02 3.2E-20 1.5E-02 0.0E+00
Continetal Scale
air aC 0.0E+00 | 1.9E-01 3.3E-02 7.2E-06 7.5E-29 1.5E-01 8.7E-17 0.0E+00
fresh water lakes wO0C 0.0E+00 3.8E-04 1.9E-04 6.4E-16 2.0E-04 8.0E-23 1.2E-05 0.0E+00 0.0E+00
fresh water wlC | 0.0E+00 | 3.8E-04 1.1E-01 4.7E-03 6.3E-15 2.2E-03 2.6E-20 1.1E-01 4.0E-02 3.8E-02 0.0E+00
coastal sea water w2C | 0.0E+00 | 1.1E+04 1.1E+04 7.5E-02 1.4E-09 7.5E-02 8.6E-17 8.3E+01 8.1E+01 0.0E+00
fresh water sediment sd1C 1.8E-03  7.3E-05 2.5E-15 4.0E-02 3.8E-02 0.0E+00
coastal marine sediment sd2C 1.7E+00  2.8E-05 7.4E-12 8.3E+01 8.1E+01 0.0E+00
natural soil s1C 0.0E+00 2.0E-04  8.3E-03 2.6E-14 2.1E-02 6.3E-20 3.0E-02 0.0E+00
agricultural soil s2C 0.0E+00 4.5E-04  2.0E-02 1.3E-13 4.8E-02 1.4E-19 6.7E-02 0.0E+00
other soil s3C 0.0E+00 7.3E-05  3.1E-03 9.5E-15 7.9E-03 2.3E-20 1.1E-02 0.0E+00
Global Scale - Moderate climate zone
air aM 0.0E+00 | 2.7E-02 3.5E-03 1.1E-06 1.2E-29 2.4E-02 9.6E-16 0.0E+00
upper ocean water w2M | 0.0E+00 | 5.6E+05 5.6E+05 6.6E-02 7.7E-09 1.2E-02 9.6E-16 6.1E-02 0.0E+00
deep sea w3M 5.5E+05 5.5E+05 9.9E-03 2.3E-07 9.2E+02 9.2E+02 0.0E+00
ocean sediment sdM 6.1E-02 1.5E-07 8.3E-11 9.2E+02 9.2E+02 0.0E+00
soil sM 0.0E+00 4.1E-04  5.0E-02 5.3E-14 1.2E-02 1.3E-19 6.1E-02 0.0E+00
Global Scale - Arctic climate zone
air aA 0.0E+00 | 1.1E-03 9.1E-05 4.8E-08 4.2E-31 1.1E-03 1.7E-21 0.0E+00
upper ocean water w2A | 0.0E+00 | 4.1E+05 4.1E+05 1.3E-02 1.3E-09 6.3E-04 1.7E-21 6.5E-03 0.0E+00
deep sea w3A 4.1E+05 4.1E+05 2.2E-03 3.3E-08 6.1E+02 6.1E+02 0.0E+00
ocean sediment sdA 2.8E-02  3.3E-08 1.2E-11 6.1E+02 6.1E+02 0.0E+00
soil sA 0.0E+00 4.3E-05 6.1E-03 3.4E-15 4.2E-04 8.5E-26 6.5E-03 0.0E+00
Global Scale - Tropical climate zone
air aT 0.0E+00 | 2.0E-03 9.4E-05 8.6E-08 3.9E-30 1.9E-03 2.0E-12 0.0E+00
upper ocean water w2T | 0.0E+00 | 1.1E+06 1.1E+06 3.2E-02 4.4E-08 1.3E-03 2.0E-12 1.1E-02 0.0E+00
deep sea w3T 1.1E+06 1.1E+06 4.4E-03 1.4E-06 2.3E+03 2.3E+03 0.0E+00
ocean sediment sdT 1.1E-01  6.5E-08 5.0E-10 2.3E+03 2.3E+03 0.0E+00
soil sT 0.0E+00 7.4E-05  1.0E-02 1.3E-14 5.7E-04 1.1E-17 1.1E-02 0.0E+00

9.5E-01 1.9E+00 1.7E-06 0.0E+00
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50 Table S7. Steady-state mass flows (kg s!) calculations for nZnO, using SimpleBox4nano web application under default scenarios (all values are rounded to one decimal point).

51

Formation (S,A,P- soil- water- sed-
Dissolved species Emission | Inflow Outflow Removal >D) Degradation | air-water water-air air-soil soil-air water sed water mass
transport transport transport transport transport transport transport | balance
Regional Scale
air aR 3.2E-01 | 5.9E-03 1.9E-01 7.3E-06 1.1E-28 1.4E-01 3.7E-18 0.0E+00
fresh water lakes wOR 0.0E+00 4.3E-04 9.2E-05 7.3E-17 3.4E-04 2.1E-23 1.4E-06 0.0E+00 0.0E+00
fresh water wlR | 3.2E-01 4.3E-04 1.4E+00 2.6E-01 7.7E-14 3.7E-03 7.5E-19 7.7E-01 4.9E-01 5.2E-01 0.0E+00
coastal sea water w2R | 0.0E+00 | 7.4E+00 7.4E+00 6.3E-03 2.2E-14 5.9E-04 6.5E-20 2.6E-02 2.6E-02 0.0E+00
fresh water sediment sd1R 2.4E-02  5.4E-02 3.4E-14 4.9E-01 5.2E-01 0.0E+00
coastal marine sediment sd2R 5.4E-04  2.2E-04 2.4E-15 2.6E-02 2.6E-02 0.0E+00
natural soil s1R 0.0E+00 2.7E-04  4.0E-03 3.5E-14 3.7E-02 1.5E-19 4.0E-02 0.0E+00
agricultural soil s2R 3.2E-01 4.8E-03  3.2E-01 1.4E-12 8.1E-02 2.7E-18 7.1E-01 0.0E+00
other soil s3R 0.0E+00 1.0E-04  1.5E-03 1.3E-14 1.4E-02 5.7E-20 1.5E-02 0.0E+00
Continetal Scale
air aC 0.0E+00 | 1.9E-01 3.3E-02 7.2E-06 1.1E-28 1.5E-01 2.0E-16 0.0E+00
fresh water lakes w0C 0.0E+00 3.8E-04 1.9E-04 6.4E-16 2.0E-04 1.9E-22 1.2E-05 0.0E+00 0.0E+00
fresh water wlC | 0.0E+00 | 3.8E-04 1.1E-01 4.7E-03 6.3E-15 2.2E-03 6.2E-20 1.1E-01 4.0E-02 3.8E-02 0.0E+00
coastal sea water w2C | 0.0E+00 | 1.1E+04 1.1E+04 7.5E-02 1.4E-09 7.5E-02 2.0E-16 8.3E+01 8.1E+01 0.0E+00
fresh water sediment sd1C 1.8E-03  7.3E-05 2.5E-15 4.0E-02 3.8E-02 0.0E+00
coastal marine sediment sd2C 1.7E+00  2.8E-05 7.4E-12 8.3E+01 8.1E+01 0.0E+00
natural soil s1C 0.0E+00 2.0E-04  8.3E-03 2.6E-14 2.1E-02 1.1E-19 3.0E-02 0.0E+00
agricultural soil s2C 0.0E+00 4.5E-04  2.0E-02 1.3E-13 4.8E-02 2.6E-19 6.7E-02 0.0E+00
other soil s3C 0.0E+00 7.3E-05 3.1E-03 9.5E-15 7.9E-03 4.2E-20 1.1E-02 0.0E+00
Global Scale - Moderate climate zone
air aM 0.0E+00 | 2.7E-02 3.5E-03 1.1E-06 1.7E-29 2.4E-02 2.3E-15 0.0E+00
upper ocean water w2M | 0.0E+00 | 5.6E+05 5.6E+05 6.6E-02 7.7E-09 1.2E-02 2.3E-15 6.1E-02 3.7E-06
5.5E+05 5.5E+05 9.9E-03 2.3E-07 9.2E+02 9.2E+02 -3.2E-
deep sea w3M 06
ocean sediment sdM 6.1E-02 1.5E-07 8.3E-11 9.2E+02 9.2E+02 0.0E+00
soil sM 0.0E+00 4.1E-04  5.0E-02 5.3E-14 1.2E-02 2.4E-19 6.1E-02 0.0E+00
Global Scale - Arctic climate zone
air aA 0.0E+00 | 1.1E-03 9.1E-05 4.8E-08 6.3E-31 1.1E-03 1.3E-20 0.0E+00
0.0E+00 | 4.1E+05 4.1E+05 1.4E-02 1.4E-09 6.3E-04 1.3E-20 6.5E-03 -5.0E-
upper ocean water w2A 07
deep sea w3A 4.1E+05 4.1E+05 2.2E-03 3.3E-08 6.1E+02 6.1E+02 0.0E+00
ocean sediment sdA 2.8E-02  3.3E-08 1.2E-11 6.1E+02 6.1E+02 0.0E+00
soil sA 0.0E+00 4.3E-05 6.1E-03 3.4E-15 4.2E-04 4.7E-25 6.5E-03 0.0E+00
Global Scale - Tropical climate zone
air aT 0.0E+00 | 2.0E-03 9.4E-05 8.6E-08 3.9E-30 1.9E-03 2.6E-12 0.0E+00
upper ocean water w2T | 0.0E+00 | 1.1E+06 1.1E+06 3.2E-02 4.4E-08 1.3E-03 2.6E-12 1.1E-02 0.0E+00
deep sea w3T 1.1E+06 1.1E+06 4.4E-03 1.4E-06 2.3E+03 2.3E+03 0.0E+00
ocean sediment sdT 1.1E-01 6.5E-08 5.0E-10 2.3E+03 2.3E+03 0.0E+00
soil sT 0.0E+00 7.4E-05  1.0E-02 1.3E-14 5.7E-04 1.1E-17 1.1E-02 0.0E+00
9.5E-01 1.9E+00 1.7E-06 0.0E+00
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52 S3. Comparison of dynamic output

Dynamic Simulation - Regional Compartments

s
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55 Figure S1. Comparison of dynamic calculations of normalized mass (defined as the ratio of dynamic mass divided by the steady-state mass) over time for nZnO, determined using
56 the Dynamic Rshell for SimpleBox4nano (v4.01-nano) and the SimpleBox4nano web application (bottom panel), under default scenarios within the regional scale.
57
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Dynamic Simulation - Continental Compartments
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60  Figure S2. Comparison of dynamic calculations of normalized mass (defined as the ratio of dynamic mass divided by the steady-state mass) over time for nZnO, determined using
61 the Dynamic Rshell for SimpleBox4nano (v4.01-nano) and the SimpleBox4nano web application (bottom panel), under default scenarios within the continental scale.

62
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Dynamic Simulation - Moderate Compartments
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65  Figure S3. Comparison of dynamic calculations of normalized mass (defined as the ratio of dynamic mass divided by the steady-state mass) over time for nZnO, determined using
66 the Dynamic Rshell for SimpleBox4nano (v4.01-nano) and the SimpleBox4nano web application (bottom panel), under default scenarios within the moderate zone.
67
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69

Dynamic Simulation - Arctic Compartments
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70  Figure S4. Comparison of dynamic calculations of normalized mass (defined as the ratio of dynamic mass divided by the steady-state mass) over time for nZnO, determined using

71
72

the Dynamic Rshell for SimpleBox4nano (v4.01-nano) and the SimpleBox4nano web application (bottom panel), under default scenarios within the arctic zone.
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Dynamic Simulation - Tropic Compartments
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75  Figure S5. Comparison of dynamic calculations of normalized mass (defined as the ratio of dynamic mass divided by the steady-state mass) over time for nZnO, determined using
76 the Dynamic Rshell for SimpleBox4nano (v4.01-nano) and the SimpleBox4nano web application (bottom panel), under default scenarios within the tropic zone.

77
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78 S4. Output window after selecting ‘Execute Steady-State Simulation’

79

80

81

82

83

84
85
86

87

Steady-State Simulation ~ Table 1 Table 2

Steady-State Simulation

Graphical Output of Scale Zone Compartments

Objective: To determine the equilibrium distribution of a chemical under constant input

conditions

Mathematical Basis: The system assumes that the inputs (emissions) and outputs
(degradation, advection, etc ) are constant, and the net change in mass (i e , dM/df) is zero in

each compartment.

Key Equation: The steady-state mass balance equation is solved by setting

dM

—=0=>K-M_+E=0

dt

where

K (5-) is the matrix of transfer rate coefficients between compartments,

M. (kg) is the vector of masses (or fugacities) in compartments at steady-state,

E (kg s') is the vector of constant emission rates

The model computes the steady-state fugacity or mass in each compartment using

algebraic methods such as matrix inversion (e.g., solving M ==K ™ -E ). The result tells you
the long-term average concentrations assuming emissions are constant.

Steady-State Simulation Table 1 Table 2 Graphical Qutput of Scale Zone Compartments
Download Table 1 -
&
Masses (kg) Concentrations
Reg Cont Mod Arct Trop Reg
Air 5.612E+04 001 % 1.507E+05 0.00% 9.148E+04 0.00 % 1.801E+04 4858E-10 2.791E+04 0.00% 2.444E-07 2
Dissolved/Gas species (G/D) 1.883E+04 0.01 % 1.075E+04 0.00 % 2.028E+03 0.00 % 1.319E+02 3.388E-12 2.344E+02 0.00% 8.640E-08 2
* GAS PHASE 2.951E-08 0.00 % 2.939E-08 0.00 % 4.506E-08 0.00 % 1.962E-10 5.040E-24 3.488E-10 0.00 % 1.2856-19 4
* AEROSOL- and CLOUD PHASES 1.883E+04 001 % 1.975E+04 000 % 3.028E+03 000 % 13196402 3.388E-12 2.344E+02 0.00% 8.640E-08 2
Solid species (S) 1.160E+04 0.00 % 5.304E+03 0.00 % 2T16E+02 0.00 % 7.653E+00 1.966E-13 1.192E+01 0.00% 5.054E-08 7
Species attached to NCs (<450 nm) (A) 2.468E+04 001 % 1.345E+05 0.00 % 8.808E+04 0.00 % 1.877E+04 4,.822E-10 2.766E+04 0.00% 1.075E-07 1
Species attached to suspended particles (>450 nm) (P) 1.117E+00 0.00 % 7.080E-01 0.00 % 5.224E-02 0.00 % 2.726E-03 T.003E-17 9.713E-04 0.00 % 4.867E-12 9
Fresh water lake 1.841E+04 001 % 1.756E+05 0.00 % 3.398E-07 1
Dissolved/Gas species (G/D) 1.754E+04 0.00 % 1.705E+05 0.00 % 3.069E-07 1
* DISSOLVED 1.753E+04 0.00 % 1.704E+05 0.00 % 3.068E-07 1
* SUSPENDED SOLIDS 4733E+00 0.00 % 4602E+01 0.00 % 3.068E-05 1
Calid roncine (€Y 4 3nnC-n1 nnn oz 1n280-01 Ann oz 7 88C.17 1 ¥
Steady-State Simulation ~ Table1  Table2  Graphical Output of Scale Zone Compartments
Download Table 2 e
Dissolved species Emission Inflow Outflow Removal Formation (S,A P->D) Degradation air-water water-air air-soil soil-air soil-water =
transport transport transport transport transport
Regional Scale
air aR 3.171E-01 5.933E-03 1.868E-01 7.266E-06 2.655E-28 1.362E-01 4.646E-17
fresh water lakes wOR 0.000E+00 4.204E-04 8.279E-05 7.120E-17 3.390E-04 2.620E-22
fresh water wiR 3.171E-01 4.204E-04 1.270E+00 6.730E-02 7.090E-14 3.729E-03 8.667E-18 7.691E-01
coastal sea water W2R 0.000E+00 7.298E+00 7.380E+00 8.176E-02 2.186E-14 5.932E-04 8.047E-19
fresh water sediment sd1R 2.646E-02 1.392E-01 3712614
coastal marine sediment sd2R 5.417E-04 6.534E-04 2.406E-15
natural soil s1R 0.000E+00 2718E-04 4,2096-03 3.508E-14 3.661E-02 1.948E-18 4.055E-02
agricultural soil s2R 3.171E-01 4.783E-03 3.198E-01 1.357E-12 8.135E-02 3429E-17 7.135E-01
other soil 53R 0.000E+00 1.007E-04 1.567E-03 1.300E-14 1.356E-02 7.220E-19 1.502E-02
Continetal Scale
air aC 0.000E+00 1.872E-01 3.322e-02 7.235E-06 2.644E-28 1.540E-01 2.550E-15
#rack windar labae e N ANAC LAN ANDTC.NA 2 723C.nA ANIIC.AR 1 ADAC.NA 1 8ATC.N1 v
Steady-State Simulation Table1 Table2  Graphical Output of Scale Zone Compartments
L)
Graphical Output of Scale Zone Compartments
Arctic zone -@-
T ‘ Select Scale Zone
Moderate zone H Regional: 3.834E+08 kg (0.00%)
Continental Continental: 3.426E+11 kg (0.14%)
Regional Moderate: 5.880E+13 kg (24.19%)
- L —= Arctic: 1.450E+14 kg (59.65%)
Tropical: 3.893E+13 kg (16.02%)
li
: 1] Total Mass: 2.431E+14 kg
Tropic zone
Graphical Output of Continental Scale Compartments
Continental
Inflow E Qutflow
Air (aC) Removal
Emission
Degradation 2
aC. 2 218E-08 g [ |1 aC: 1.597E+05 kg (0.00%)
wO0C: 1.890E-07 gL Water Compartments Emission —+] Soil Compartments wOC: 1. 756E+05 kg (0.00%)
i o 5 %
WIC4941E 06 g1 Inflow=—=w} | Freshwater it | Naturalsoil | | Agriculture Other soil [ == Removal WG T 145 206:ky (0/004%8)
w2C. 4839E-04 gL Emission —s (wiC) lakes [WOC) (s1C) soll (s2C) (s3C) | L— Degradation w2C: 3.407E+11 kg (99.46%)
sd1C: 1.521E-04 g-kg(w)™ sd1C: 6.059E+05 kg (0.00%)
sd2C: 1.340E-02 g-kg(w)™' Coastal sea sd2C: 1.821E+09 kg (0.53%)
S i, WZC) | —a AR
$1C: 7.249E-05 g-kg(w)™ [“““e’j' ) Degiation s1C: B.179E+06 kg (0.00%)
s2C: 4 029E-05 g-kg(w)™ s2C: 3.053E+07 kg (0.01%)
s3C: 7.250E-05 g-kg(w)™* s3C: 2.289E+06 kg (0.00%)
Freshwater Coastal marine | " Removal
diment (sd1C)  [sediment (sc2C) }—e Degradation
Sediment Compartments
v

Figure S6. The output window of the Steady-State Simulation in SimpleBox4nano presenting a summary of the steady-state simulation results, including a brief description of the steady-state
calculations, Table 1 that presents the calculated steady-state concentrations, fugacities, emissions and mass, Table 2 that presents Steady-state mass flows for D species only (kg s') and
Graphical Output of Scale Zone Compartments that visualizes the mass distribution across different scales and compartments. Users can export both Table 1 and Table 2.
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88 S5. Output window after selecting ‘Execute Dynamic Simulation’

Dynamic Results

Dynamic Simulation (Time-Dependent Simulation)

Objective: To study how the chemical mass evolves owver time in each environmental
compartment, while emissions are constant.

Mathematical Basis: The dynamic behaviour is modelled using the following first order
differential equation:

M) _ g M(1)+E
dt
where:
K (5-1) is the matlrix of transfer rale coefficients belween compartments,
M(f) (kg) is the vector of masses (or fugacities) in compartments at time f,

E (kg 5) Is the vector of constant emission rates

The system expariences continuous inflow (constant emissions) and outllows (due to inter-
compartment transfer and degradation). Ower time, the mass in each compartment
approaches a steady state. The system of differential equations is solved numerically using
4th order Runge-Kutta method for capturing how the system moves from an initial state (e.g.,
Zero mass) toward the steady state.

Graphical Output of Scale Zone Compartments

Arctic zone ﬁ
3
Moderate zone _
Regional
Continental .
Continental
{‘} Regional Moderate
£ B - 0 Arctic
Tropical
a
Tropic zone
89
Graphical Output of Regional Scale Compartments
Regional
fl
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Emissi Air (afl] —* Remaval
[ 55000 [ —
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T f ; H
! Water Compartments | Emission ——# 5oil Compartments !
i i i
inflow——+{ | Freshwater _J Freshwater | | | [Natuolsoll| | Agriculiure | | Dthersol | f—= Remaval
Ernission—e (WIR) | lakes [wdR} ! | [stR] soll {s2R) (83R) | L—s pegradation
| [
i # i | ]
! Coastal sea E
! water (wZ2R) b——= Degradation
i L !
i !
i
i | Freshwator Caastal maring | " Removal
E diment (sdiR)| |sediment (sd2Al |—e pegradation
i I
1 |
i Sediment Compartments j
[ =RG [ aRs aRA aRP [ cwRS [ cwiRA cwRP [ wORD I wORS wiRA
wIRP [:I wiRD D wiRS wiRA D wiRP E w2RD w2RS W2RA E: w2RP Time needed to reach equilibrium (steady-state) in the Regional scale:
] sdoRD sd0RS [ sdoRA [ sdORP sd1RD sd1RS [ sd1RA [ sd1RP sd2RD R e
[ 5d2RS [ sd2RA sdZRP s1RD [ s7RS [ s1RA s1RP [ s2RD [ s2RS
. s2RA s2RP [ s3RD : sIRS s3RA D s3RP 3RSE reaches equilibrium (steady-state) at 4.0 days
w
"
W aRA reaches equilibrium (steady-siate]) at 21.0 days
™
*?;": =RP reaches equilibrium (steady-state) at 5.0 days
ﬂ_, cwR5 reaches equilibrium (steady-state) at 5.0 days
=
E cwRA reaches equilibrium (steady-state) at 22.0 days
E
B cwRP reaches equilibrium (steady-state) at 5.0 days
L
=
E wiRD reaches equilibrium (steady-state) at 2268 0 days
o
=z
wlRS reaches equilibrium (steady-siate) at 5.0 days
90 Time (years)
91 Figure S7. The output window of the Dynamic Simulation in SimpleBox4nano web application, presenting a brief description of the quasi-dynamic simulation calculation and presenting a
92 graphical representation of mass distribution across different scales. Users can select a specific scale using the ‘Show’ button to visualize the dynamic evolution of mass, normalized by the
93 steady-state mass, as a function of time.
94
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95 S6. Output window after selecting ‘Calculate Fate Factors’

Calculate Fate Factor (FF) in days

Where:

FF,;= "0

m
Tit;

mj[t} is the dynamic mass in receiving mmpartmentj at time 1.

'Thfi is the emission mass flow (kg/day) from the single Continental emission compartment T-

Substance

Landscape

Emission Compartment:

Mumber of years

nanoparticle -

default scenario -
Air

20

Fate Factor in days

Receiving Compartment Number of Days
Air 53
Fresh water lake 2.8
Fresh water 14.4
Coastal sea water 158.1
Natural soil B80.7
Agricultural soil 241.8
22.5

Other soil

96

97  Figure S8. Output of the ‘Calculate Fate Factors’ function in the SimpleBox4nano web application. Computation is only enabled
98  under continental-scale scenarios with a single specified emission compartment. Users may also define a custom time (in years)
99 to analyze the fate behavior over a relevant temporal scale.
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100 S7. REST APIs

ﬁ https://enaloscloud.novamechanics.com/finsight/apis/simplebox4nano/results/
Params Authorization Headers (9) Body = Pre-request Script Tests Settings

none & form-data ¥-www-form-urlencoded @ raw binary JSON -~
1

2 "substance": "nanoparticle",

3 "scenario”: "default scenario”,
4 "e wORS": 10608,

5 "= _wlRS": @,

& "e w2AS": @,

7 "=_w2RD": @,

g "e_aCG": @,

g "e_=s3RS": @,

18 "o wilCS": 8,

11 "= w2MD": @,

12 "=_aAG": @,

13 "a wW2AD": @,

14 "e wBCD": @,

15 "2_sAS": @,

16 "=_sAD": @,

17 "= WBCS": @,

18 "e_ aTG": @,

19 Te s1CDY: B,

20 "e w2Cs": @,

21 "= wiRD": @,

22 "e w2MS": B8,

23 “=_sMD": @,

24 "e_aCs": @,

25 "z_sM5": @,

26 "e sTS": @,

27 “_aRs": @,

28 "e =3C5": @,

29 "e wiCD": @,

36 “"e w2CD": B8,

31 "e =2RS": @,

32 "e =1C5": @

101

-
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33 "e =2CD": @,
34 'e_ w2ZRS": B8,
35 "e =205": @,
36 'e_s1RS": @,
37 “=_wBRD": @,
38 'e_aMs™: @,
39 "e =1RD": @,
4a 'e_aT5": @,
a1 “e_sTD": @,
42 'e_w2TD": 8,
43 "e w2TS": @,
44 'e_aAsS": @,
45 “e_aRG": @,
46 e =3CD": @,
47 “e_aMG": @,
43 'e_s2RD": @,
LT "e s3RD": ©
102 %% 3

Body Cookies Headers (7) Test Results

Pretty Raw Preview Visualize JSON =
75 [
Th "Dissolved/Gas species (G/D)",
77 "1.656E-13",
78 "Q.E%",
79 “8.38E-12",
a0 "O.8%",
a1 “2.73E-18",
82 "Q.a%",
83 "1.19E-117,
84 "Q.8%",
85 “4.98E-09",
36 "Q.E%",
a7 “7.18E-25",
88 “1.15E-24",
g9 “3.52E-24",
o8 “2.81E-25",
91 "3.91E-23%,
az "g.m-3",
93 “2.68E-23",
24 “4_18E-23",
95 "1.28E-22%,
96 “Q.39E-24",
97 “1.48E-21"
103 98 1,
104 Figure S9. Using Postman to test the functionality of a ‘POST’ request for the endpoint
105 https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/results/, including input data and response validation.
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https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/results/

106

107
108
109

@ https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/substances

GET https://enalescloud.novamechanics.com/insight/apis/simplebox4nano/substances

Params Authorization Headers (&) Body

Pre-request Script Tests Settings

# none farm-data w-www-form-urlencoded raw binary

Body Cookies Headers (7) Test Results

Pretty Raw Freview WVisualize

"nanoparticle”,
"nTi02_ManoFase_D2_&",

"nTi02_ P25 _CalIBRAte D6 3",
"nAg_NanoFase",

“nZn0" ,

"nCeE_18nm"

“nAg_18nm" ,

"nTi02_18nm"

[ T TS (R O 3 B O R I

[y
=
[ -]

JSON ~ =

Figure S10. Using Postman to test the functionality of a ‘GET’ request for the endpoint
https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/substances, verifying the request parameters and the

expected response.
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110

111
112
113

114

115
116
117

@ https:{/enaloscloud.novamechanics.comfinsight/apis/simplebox4nano/scenarios

GET v I https:f!enaloscluud.nwamechanics.cum.-'insight,-'apisfsimpleboxalnano.-'scenariusI
Params Authorization Headers (6) Body Pre-request Script Tests Settings
# none form-data K-www-form-urlencoded raw binary

Body Cookies Headers (7) Test Results

Fretty Raw Preview Visualize JSOM -~ =
1 i
Al "default scenario”,
3 "EUSES settings",

feu

"Meesters etal 2016 mean/mode",

5 "Thames Catchment 2008°,
B "+ Meesters 2@1s",
7 "Thames Catchment 28157,
5 "nTi02_P25_CalIBRATE D6 4",
g "nCe@-18nm-realistic2e12”,
1@ "nCe@-18nm-hypotehtical®,
11 "nTi02-18nm-xrealistic”,
32 "nAg-10nm-realistic™
13

Figure S11. Using Postman to test the functionality of a ‘GET’ request for the endpoint
https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/scenarios, verifying the request parameters and the

expected response.

https:/fenaloscloud.novamechanics.com/insight/apis/swagger.json Explore

INSIGHT RESTful AP ®
[ Base URL: enaloscloud.novamechanics.com/insight/apis ]
https:/fenaloscloud novameshanics. cominsightiapisiswagger json
INSIGHT Horizon Project
Schemes
INSIGHT REST APIs b

|m /simpleboxdnano/results |
|m /simpleboxanano/substances |
|m /simpleboxdnano/scenarios |

Figure S12. Snapshot of the Swagger/OpenAPI interface for the SimpleBox4nano RESTful API hosted on the Enalos Cloud
platform. The interface documents the available POST and GET endpoints and allows interactive inspection and testing of API
requests and responses.
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118 8. Environmental fate modelling — SimpleBox4Planet vs. SimpleBox4nano

Choose Nanomaterial

Nanomaterial Substance nanoparticle -

Substance Properties

CAS ChemClass Nano Molecular Weight [g mol~] 65.38

Rads [nm] 356428571428 RhoS [kg.m-3] 5850 AHamakerSPw[J] 169571428571  Tm[°C] 420

pKa[-] 7 Pvap25 [Pa] 1e-20 Sol25 [mg.L] 1e-20 Kaw [-] 1e-20

Kow [] 2750 Ksw [-] 50 Kdeg(air) [s7"] 18-20 Kdeg(water) [s7"] 1e-20

Kdeg(sed) [s7"] 1e-20 Kdeg(soil) [s7"] 1e-20
119
120 Figure S13. Physicochemical properties of nanoparticle used in the SimpleBox4nano web application to simulate its
121 environmental fate and transport.
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122 S8.1 Emissions of dissolved species in water (at the moderate scale zone)

Steady-State Simulation  Table1  Table2  Graphical Output of Scale Zone Compartments

Graphical Output of Scale Zone Compartments

Arctic zone ﬁ Select Scale Zone

A Regional: 8.448E+04 kg
| (0.00%)

1
Moderate zone J

- Continental: 5.832E+09 kg
Continental (0.14%)

Regional Moderate: 1.001E+12 kg
ﬁ - Do . o (24.19%)

Arctic: 6.630E+11 kg
(16.02%)

Tropic: 2.469E+12 kg CEm
f (59.65%) —

14
14
LA

e

Tropic zone
Total Mass: 4.139E+12 kg

B

Graphical Output of Global Scale - Tropic Scale Compartments

Tropic zone
Inflow Outflow
z :j Air (aT) Removal
Emission i )
aT: 1.407E-11 g-m™® e —— aT: 1.794E+03 kg (0.00%)
w2T: 8.325E-06 g-L* w2T: 7.430E+10 kg (3.01%)

. (e Inflow: Surface ocean| | Emission: Removal :
B8dT 2 -04 g-kg(w

sdT: 8.531E+08 kg (0.03%)
sT: 1.882E-08 g-kg(w)™'

Deop _ sT: 6.118E+04 kg (0.00%)
Wm:? —= Degradation
L
Ocean Removal
sediment (sdT) Degradation

Mass Fraction Species (Global Scale - Tropic scale)
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124 Figure S14. Graphical output of the steady-state mass of nanoparticle as generated from SimpleBox4nano web application per
125 scale zone for solid-species emission to water (1000 t y!) applied at the moderate (global-scale) zone. The figure reports (top) the
126  steady-state mass distribution across scale zones, (middle) the corresponding mass distribution among tropic-zone compartments
127 (aT, w2T, w3T, sdT, sT) together with the associated compartmental concentrations, and (bottom) the mass fraction of species (S,
128 A, P, G/D) at the tropic scale.
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Calculate Fate Factor (FF) in days

Where:

Mj(t) is the dynamic mass in receiving compartment j attime €.

’l’}‘l.g' is the emission mass flow (kg/day) from the single Continental emission compartment ?,

Substance

Landscape

Emission Compartment:
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default scenario -
Sea water
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Figure S15. Fate factor (FF, days) graphical output generated by the SimpleBox4nano web application for the default engineered
nanomaterial, calculated over a 100-year simulation horizon for solid-species emission to continental sea water (1000 t-y-!). The
interface reports the compartment-specific fate factors (in days) for receiving compartments (air, fresh water lake, fresh water,

coastal sea water, natural soil, agricultural soil, other soil).
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135 S8.2 Emissions of dissolved species in soil (at the moderate scale zone)
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136

137  Figure S16. Graphical output of the steady-state mass of nanoparticle as generated from SimpleBox4nano web application per
138  scale zone for solid-species emission to soil (1000 t y-!) applied at the moderate (global-scale) zone. The figure reports (top) the
139  steady-state mass distribution across scale zones, (middle) the corresponding mass distribution among tropic-zone compartments
140 (aT, w2T, w3T, sdT, sT) together with the associated compartmental concentrations, and (bottom) the mass fraction of species (S,
141 A, P, G/D) at the tropic scale.
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Calculate Fate Factor (FF) in days

Where:

FF,;=24

m;

mj(t) 15 the dynamic mass in receiving compartment j attime T

’."h,i is the emission mass flow (kg/day) from the single Continental emission compartment ’.‘.

Substance

Landscape

Emission Compartment:

Number of years
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100
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Air
Fresh water lake
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Figure S17. Fate factor (FF, days) graphical output generated by the SimpleBox4nano web application for the default engineered
nanomaterial, calculated over a 100-year simulation horizon for solid-species emission to continental natural soil (1000 t-y™).
The interface reports the compartment-specific fate factors (in days) for receiving compartments (air, fresh water lake, fresh

water, coastal sea water, natural soil, agricultural soil, other soil).
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S9. Sensitivity Exploration (selection of lower and upper bounds)

The nanoparticle radius range (1-100 nm) aligns with the commonly adopted size range for
nanomaterials, while also matching typical primary particle sizes observed in microscopy and DLS
characterisation of commercially relevant ENMs.! The density range (900-30 000 kg m-3) is chosen to cover
low-density organic and polymeric ENMs and extend to very dense metals and alloys, thereby allowing the
model to represent both buoyant and strongly settling particles in different compartments.> The acid
dissociation constant (pK,) interval (-2 to 14) captures the full range of strongly acidic sulfonic/sulfate
functional groups used on oxide or latex nanoparticles® through to highly basic guanidinium- and amine-
rich coatings employed on AuNPs, liposomes and polymeric carriers.* The melting temperature (7;,) range
(15-4000 °C) reflects the diversity of ENMs from low-melting organic/polymeric nanoobjects to refractory
metal oxides and high-temperature ceramics used in catalysis or coatings.’ Partition properties (Kuy, Kow,
Ky, Pyp and Sol) are primarily relevant for dissolved or molecular species that arise from ENM
transformation (e.g. metal ions, small organic ligands, degradation products). The ranges in Table 1 are
selected to be at least as wide as those employed in previous multimedia fate assessments of organic
chemicals, ensuring that hydrophilic, amphiphilic and highly hydrophobic transformation products can be
represented within a single unified parameter space.®® The Hamaker constant range (10-2'-10-1° J) is
consistent with experimentally and theoretically derived values for metal oxides, metals and carbonaceous
particles in water, which typically lie in the 10-2!-10-" J interval depending on medium composition and
surface coatings.® Kinetic parameters (transformation, degradation and dissolution constants) are
deliberately defined over several orders of magnitude to cover extremely persistent ENMs, such as inert
oxides, as well as rapidly transforming or dissolving materials (e.g. sulfidising Ag NPs or readily dissolving
7Zn0).'% Attachment efficiencies between 10-'° and 1 reflect the wide range of aggregation behaviours
observed for ENMs interacting with natural colloids or suspended solids, where electrostatic and steric
stabilisation can suppress attachment far below unity.!!
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S10.  Halton Design

S10.1 Total mass of D-species, S-species, A-species, P-species
S10.1.1 Air

S10.1.1.1 Dissolved/Gas species

Air Air
1 {y = 1.0e+06x2 + 2.1e+06x + 4.9e+07) 1e9 {y = 8.82-03% + 9.0e+02x + 3.9e+07)
—_ | . —_ .
EEE gL
2150 ) 150
o &
)
L12s o125
w w0
@ n
] T 1.00
Z 100 v}
= =1
Bors 075
> =
s Q
2050 H050
) a
= =025
F O g
2 500 = 0.00
o0 o2 Y 0% o8 10 0 5000 10000 15000 20000 25000 30000
Attachment Efficlency (-) Density primary ENP (kg m~3)
Air Air
1ea y = -5.0e+13x% + 8.0e+10x + 2.7e+07) Tes {y = 1.3e+44x - 1 8e+25x + 5 1e+07)
— | . — .
g 175 LS
& 1.50 S 150
o i)
B12s Yazs
w 1]
% 1.00 n
A o
3 =100
] =1
D 0.75 D 0.75
= >
] ©
5 0.50 2 0.50
=] a
— 0.25 = 025
% &
o
= o.00 ! ! | | = 000
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 00 02 0z 06 08 10
Dissolution rate constant (s71) Hamaker constant (J) le-18
Air Air
109 {y = 4.1e+03x2 - 5.2+05x + 6.3e+07) 1e9 Iy = 3.20-08: + 6.6e-01x + 4.8e+07)
S175{ 5175 !
= =
& 1.50 § 150
N S
Y125 Yazs
w [
% 100 © 1.00
o 51
3 3
@ 0.75 @ 0.75
= =
2 2
§ 050 oo
a a
= 0.25 = 0.25
k] el
= o000 = o000
0.0 0.2 0.4 0.6 0.8 1.0
Kow (-) 1ot

S34



181

182

183

184

185
186
187
188
189

Total Dissolved/Gas species (kg) Total Dissolved/Gas species (kg) Total Dissolved/Gas species (kg)

Total Dissolved/Gas species (kg)

5
~
«

i
n
=]

5
i
wn

I
o
=]

e
~
o

@
n
=1

©
N
ol

b
=
k=3

5
~
«

i
n
S

5
i
wn

I
o
=3

e
~
o

@
n
=1

©
N
w

b
=
k=3

=
~
wn

o
b
=3

o
]
wn

{5
=3
=3

©
~
w

=
i
S

=}
N
ol

o
=)
S

=
~
wn

=
193
t=3

f
]
w

=
=3
=3

e
N
v

=4
w
S

I
N
v

=)
=)
S

Air
{y = -4.40-03x2 + 7.1e+02x + 2.9e+07)

Air
(y = -2.7e+04x? + 2.9e+05x + 5.0e+07)

Total Dissolved/Gas species (kg)

I
~
w

=
i
=}

=
N
n

-
2
b=}

=
~
v

.
w
=}

=]
~
v

=2
=1
S

40000 60000
Ksw (-)

80000

Air
{y = 1.5e-06%* - 8.8e-01x + 5.0e+07)

100000

Air
ly = 1.5e+04x* - 9.9e+05x + 5.1e+07)

Total Dissolved/Gas species (kg)

I
~
w

e
e
=}

=
N
n

-
o
=3

=
~
v

.
w
=}

=2
N
v

=2
=1
S

0.4 0.6

Pvap (Pa) -

Air
(y =-9.2e-07x* + 1.5e+00x + 5.0e+07)

Radius primary ENP (nm)

Air
(y = 1.0e-01x* - 7.0e+01x + 5.0e+07)

0.0 0.4 0.6

.So\ (mg L‘l).

Air
(y = 5.5e+14x? - 7.38+11x + 2.3e+08)

3
S
0.0004 0.0006
Transfer rate constant (s71)

0.0002

00000

Total Dissolved/Gas species (kg)

-
~
el

-
[
b=

=
N
w

Lo
(=3
>

=3
o
w

=
u
=}

=
N
w

=
(=}
=}

0 500 1000 1500 2000

Tm ("C)

2500 3000 3500 4000

Figure S18. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the

dissolved/gas species (D-species) under the solid-species emission scenario (1000 t y) to the air compartment at the moderate

(global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting
total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide
an initial visual indication of non-linear trends.
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190 S10.1.1.2 Total Solid species

191

192

193

194

2000
_.1750

1500

1000

Total Sclid species (kg
Nooo
2 8 B

<

2000

1750

g)

1500

1250

1000

Total Solid species (k
N~
Z 2 £

=

2000

1750

1500

1250

1000

Total Solid species (kg)
Noow o
2 8 8

=)

2000

1750

1500

1250

1000

Total Solid species (kg)
N
g2 8 8

=3

Air
(y = 7.6e+00x2 - 2.1e+00x + 1.1e+02)

Air
(y = -1.2e-08x* + 4 4e-04x + 1.1e+02)

1250 1

Air
(y = 2.5e+06x2 - 2.8e+02x + 1.1e+02)

2000
o~ 1750
1500

1250

Total Solid species (kg
N o B
& & 8
o (=] (=]

o

o
=3
=}

10000 15000 20000
Density primary ENP (kg m~3)

25000 30000

Air
(y =-5.2e+38x% + 3.9e+19x + 1.2e+02)

0.0004 0.0006 0.0008 00010

Dissolution rate canstant (s™1)

0.0002

Air
(y = -3.0e-05x? - 7.0e-04x + 1.2e+02)

2000

1750

1500

1250

1000

Total Solid species (kg)
Noow
3 8 2

=}

0.0 0.2 0.4 0.6 0.8 10
Hamaker constant (])

Air
ly = -2.08-14x* + 2.5e-07x + 1.1e+02)

2000

1750

1500

1250

1000

Total Solid species (kg)
Noow
3 38 2

=}

Air

{y = 5.4e-10x? - 4.5e-05x + 1.2e+02)

Air
ly = -2.7e-02x* + 3.2e-01x + 1.2e+02)

2000

1750

1500

1250

1000

Total Solid species (kg)
N
d 8 3

=3

40000 60000 80000

Ksw (-)

100000

S36



195

196

197

198
199
200
201
202

203

2000

1750

1500

1250

1000

Total Solid species (kg)
N
3 8 8

<

2000
— 1750
1500
1250

1000

Total Solid species (kg
Noow
2 8 B

o

2000

1750

1500

1250

1000

Total Solid species (kg)
Now o
5 8 8

o

Air Air
(y = 11e-12x - 7.5e-07x + 1.2e+02) (y = -8.7e-03x* + 6.3e-01x + 1.1e+02)
. 2000 .
k4 . e
1750
g
= 1500
n
]
5 1250
)
o
01000
B
©
8 7150
8 500
e
250
0
0.0 0.2 0.4 0.6 0.8 1.0
Pvap (Pa) G Radius primary ENP {(nm)
Air Alr
{y = -5.8e-12x* + 7.5e-06x + 1.1e+02) ly = -2.68-07x* + 1.2e-03x + 1.1e+02)
. - 2000 .
. .. 1750 - =
° T - - . o
: = 1500
n
(]
G 1250
[
o
#1000
=
@ 750
)
8 500
e
250
0
0.0 0.2 0.4 0.6 0.8 1-01 - 500 1000 1500 2000 2500 3000 3500 4000
Sol (mg L™1) < Tm (*C)
Air
(y = 1L.0e+09x2 - 1.4e+06x + 4.6e+02)
}
3
»
]
?
4
J ” m——— —
0.0000 00002 0.0004 0.0006 0.0008 0.0010

Transfer rate constant (s71)

Figure S19. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the solid
species (S-species) under the solid-species emission scenario (1000 t y'!) to the air compartment at the moderate (global-scale)
zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting total
dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide an
initial visual indication of non-linear trends.
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204 S10.1.1.3 Total species attached to NCs (< 450 nm)
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212 Figure S20. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the hetero-
213 aggregated species attached to natural colloids (< 450 nm) (A) under the solid-species emission scenario (1000 t y'!) to the air
214  compartment at the moderate (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis),
215 plotted against the resulting total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are
216 included in each panel to provide an initial visual indication of non-linear trends.

217
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218 S10.1.1.4 Total species attached to suspended particles (> 450 nm)
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226  Figure S21. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the species
227 attached to suspended particles (> 450 nm) (P) under the solid-species emission scenario (1000 t y-') to the air compartment at the
228  moderate (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the
229  resulting total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel
230 to provide an initial visual indication of non-linear trends.
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232 S10.1.2 Soil
233 S10.1.2.1 Dissolved/Gas species
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Figure S22. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the
dissolved/gas species (D-species) under the solid-species emission scenario (1000 t y) to the soil compartment at the moderate
(global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting

total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide
an initial visual indication of non-linear trends.
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247 S10.1.2.2 Total Solid species
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255 Figure S23. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the solid
256  species (S-species) under the solid-species emission scenario (1000 t y!) to the soil compartment at the moderate (global-scale)

257 zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting total
258  dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide an
259 initial visual indication of non-linear trends.
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261 S10.1.2.3 Total species attached to NCs (< 450 nm)
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Figure S24. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the hetero-
aggregated species attached to natural colloids (< 450 nm) (A) under the solid-species emission scenario (1000 t y!) to the soil
compartment at the moderate (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis),
plotted against the resulting total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are

included in each panel to provide an initial visual indication of non-linear trends.
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275 S10.1.2.4 Total species attached to suspended particles (> 450 nm)
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Figure S25. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the species

attached to suspended particles (> 450 nm) (P) under the solid-species emission scenario (1000 t y!) to the soil compartment at

the moderate (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against

the resulting total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each
panel to provide an initial visual indication of non-linear trends.

549



289 S10.1.3 Water
290 S10.1.3.1Dissolved/Gas species
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Figure S26. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the
dissolved/gas species (D-species) under the solid-species emission scenario (1000 t y!) to the water compartment at the moderate
(global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting
total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide
an initial visual indication of non-linear trends.
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304 S10.1.3.2 Total Solid species
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Figure S27. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the solid
species (S-species) under the solid-species emission scenario (1000 t y!) to the water compartment at the moderate (global-scale)
zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting total
dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide an
initial visual indication of non-linear trends.
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320 S10.1.3.3 Total species attached to NCs (< 450 nm)
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328  Figure S28. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the hetero-
329  aggregated species attached to natural colloids (< 450 nm) (A) under the solid-species emission scenario (1000 t y™!) to the water
330  compartment at the moderate (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis),

331 plotted against the resulting total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are
332 included in each panel to provide an initial visual indication of non-linear trends.
333
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334 S10.1.3.4 Total species attached to suspended particles (> 450 nm)
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Figure S29. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the species
attached to suspended particles (> 450 nm) (P) under the solid-species emission scenario (1000 t y!) to the water compartment at
the moderate (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against
the resulting total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each
panel to provide an initial visual indication of non-linear trends.
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S11.  Pareto analysis for D species under three different emission scenarios

Pareto Chart of Standardized Effects for the
Total Dissolved/Gas species (kg)
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Figure S30. Pareto chart of standardized main effects for the total dissolved/gas species (D-species) mass output, as generated
with the SimpleBox4nano web application under the solid-species emission scenario to the air compartment at the moderate
(global-scale) zone. Horizontal bars indicate the magnitude and direction of each standardized main effect for the 13
physicochemical parameters. The vertical dotted red line denotes the statistical significance threshold (a = 0.05), above which
parameter effects are considered statistically significant.
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Figure S31. Pareto chart of standardized main effects for the total dissolved/gas species (D-species) mass output, as generated
with the SimpleBox4nano web application under the solid-species emission scenario to the soil compartment at the moderate
(global-scale) zone. Horizontal bars indicate the magnitude and direction of each standardized main effect for the 13
physicochemical parameters. The vertical dotted red line denotes the statistical significance threshold (a = 0.05), above which
parameter effects are considered statistically significant.
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Figure S32. Pareto chart of standardized main effects for the total dissolved/gas species (D-species) mass output, as generated
with the SimpleBox4nano web application under the solid-species emission scenario to the water compartment at the moderate
(global-scale) zone. Horizontal bars indicate the magnitude and direction of each standardized main effect for the 13
physicochemical parameters. The vertical dotted red line denotes the statistical significance threshold (a = 0.05), above which
parameter effects are considered statistically significant.

S12.  Sensitivity Exploration
S12.1 Solid-species emissions (1000 t y!) in soil compartment of the moderate (global scale) zone
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Figure S33. Pareto charts of standardized effects for the total solid-associated mass (S + A + P) under a solid-species emission of
1000 t y! in soil compartment of the moderate (global scale) zone. Left chart presents the main-effects Pareto chart for all 13
physicochemical parameters. Right chart presents Pareto chart including main, two-factor interaction, and quadratic terms for the
three influential properties observed in the left chart. The vertical red dashed line denotes in both charts the statistical significance
threshold.
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376 S12.2 Solid-species emissions (1000 t y') in water compartment of the moderate (global scale) zone
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378 Figure S34. Pareto charts of standardized effects for the total solid-associated mass (S + A + P) under a solid-species emission of
379 1000 ty! in water compartment of the moderate (global scale) zone. Left chart presents the main-effects Pareto chart for all 13

380 physicochemical parameters. Right chart presents Pareto chart including main, two-factor interaction, and quadratic terms for the
381 three influential properties observed in the left chart. The vertical red dashed line denotes in both charts the statistical significance

382 threshold.
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Figure S35. Two-factor response surfaces (heat maps) of the predicted total solid-associated mass (S + A + P) for the default
engineered nanomaterial under a solid-species emission of 1000 t-y! to the water compartment of the moderate (global-scale)
zone. The colour scale indicates the steady-state total mass of S + A + P (kg), with cooler colours corresponding to lower values.
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