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

24

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

nZnO
SimpleBox4nano (v4.01-nano) 

in Excel
SimpleBox4nano

Receiving 
Compartment

Masses (kg) Concentrations Masses (kg) Concentrations Concentration 
Units

Air 5.6E+04 2.5E-07 5.6E+04 2.5E-07 g.m-3

Dissolved/Gas 
species (G/D)

2.0E+04 8.6E-08 2.0E+04 8.6E-08 g.m-3

* GAS PHASE 8.4E-09 3.7E-20 8.4E-09 3.7E-20 g.m-3

* AEROSOL- and 
CLOUD PHASES

2.0E+04 8.6E-08 2.0E+04 8.6E-08 g.m-3

Solid species (S) 7.1E+03 3.1E-08 7.1E+03 3.1E-08 g.m-3

Species attached to 
NCs (<450 nm) (A)

3.0E+04 1.3E-07 3.0E+04 1.3E-07 g.m-3

Species attached to 
suspended particles 

(>450 nm) (P)

2.0E-01 8.9E-13 2.0E-01 8.9E-13 g.m-3

Fresh water lake 1.8E+04 3.1E-07 1.8E+04 3.1E-07 g.L-1

Dissolved/Gas 
species (G/D)

1.8E+04 3.1E-07 1.8E+04 3.1E-07 g.L-1

* DISSOLVED 1.8E+04 3.1E-07 1.8E+04 3.1E-07 g.L-1

* SUSPENDED 
SOLIDS

4.8E+00 3.1E-05 4.8E+00 3.1E-05 g.kg(d)-1

Solid species (S) 7.1E-02 1.2E-12 7.1E-02 1.2E-12 g.L-1

Species attached to 
NCs (<450 nm) (A)

5.5E+01 9.7E-10 5.5E+01 9.7E-10 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

2.7E-02 4.7E-13 2.7E-02 4.7E-13 g.L-1

Fresh water lake 
sediment

5.1E+02 2.3E-05 5.1E+02 2.3E-05 g.kg(w)-1

Dissolved/Gas 
species (G/D)

5.1E+02 2.3E-05 5.1E+02 2.3E-05 g.kg(w)-1

* PORE WATER 4.1E+02 1.1E-03 4.1E+02 1.1E-03 g.L-1

* SOLID PHASE 1.0E+02 5.7E-02 1.0E+02 5.7E-02 g.kg(d)-1

Solid species (S) 1.5E-07 6.6E-15 1.5E-07 6.6E-15 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

4.1E-02 1.8E-09 4.1E-02 1.8E-09 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

7.8E-03 3.5E-10 7.8E-03 3.5E-10 g.kg(w)-1

Fresh water 1.9E+07 1.0E-03 1.9E+07 1.0E-03 g.L-1

Dissolved/Gas 
species (G/D)

1.9E+07 1.0E-03 1.9E+07 1.0E-03 g.L-1
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* DISSOLVED 1.9E+07 1.0E-03 1.9E+07 1.0E-03 g.L-1

* SUSPENDED 
SOLIDS

3.3E+04 1.0E-01 3.3E+04 1.0E-01 g.kg(d)-1

Solid species (S) 8.8E+02 4.7E-08 8.8E+02 4.7E-08 g.L-1

Species attached to 
NCs (<450 nm) (A)

1.5E+05 8.2E-06 1.5E+05 8.2E-06 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

5.2E+03 2.8E-07 5.2E+03 2.8E-07 g.L-1

Fresh water 
sediment

8.5E+06 3.5E-02 8.5E+06 3.5E-02 g.kg(w)-1

Dissolved/Gas 
species (G/D)

8.4E+06 3.4E-02 8.4E+06 3.4E-02 g.kg(w)-1

* PORE WATER 6.7E+06 1.7E+00 6.7E+06 1.7E+00 g.L-1

* SOLID PHASE 1.7E+06 8.7E+01 1.7E+06 8.7E+01 g.kg(d)-1

Solid species (S) 6.1E-02 2.5E-10 6.1E-02 2.5E-10 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

3.7E+03 1.5E-05 3.7E+03 1.5E-05 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

5.0E+04 2.0E-04 5.0E+04 2.0E-04 g.kg(w)-1

Surface sea/ocean 
water

5.4E+06 5.4E-04 5.4E+06 5.4E-04 g.L-1

Dissolved/Gas 
species (G/D)

5.4E+06 5.4E-04 5.4E+06 5.4E-04 g.L-1

* DISSOLVED 5.4E+06 5.4E-04 5.4E+06 5.4E-04 g.L-1

* SUSPENDED 
SOLIDS

3.9E+03 5.4E-02 3.9E+03 5.4E-02 g.kg(d)-1

Solid species (S) 2.1E-01 2.1E-11 2.1E-01 2.1E-11 g.L-1

Species attached to 
NCs (<450 nm) (A)

3.8E+03 3.8E-07 3.8E+03 3.8E-07 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

6.5E+01 6.5E-09 6.5E+01 6.5E-09 g.L-1

Marine sediment 5.9E+05 1.5E-02 5.9E+05 1.5E-02 g.kg(w)-1

Dissolved/Gas 
species (G/D)

5.9E+05 1.5E-02 5.9E+05 1.5E-02 g.kg(w)-1

* PORE WATER 4.7E+05 7.6E-04 4.7E+05 7.6E-04 g.L-1

* SOLID PHASE 1.2E+05 3.8E-02 1.2E+05 3.8E-02 g.kg(d)-1

Solid species (S) 8.7E-07 2.2E-14 8.7E-07 2.2E-14 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

2.8E+01 7.1E-07 2.8E+01 7.1E-07 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.9E+02 4.8E-06 1.9E+02 4.8E-06 g.kg(w)-1

Natural soil 8.6E+06 1.6E-03 8.6E+06 1.6E-03 g.kg(w)-1

Dissolved/Gas 
species (G/D)

8.6E+06 1.6E-03 8.6E+06 1.6E-03 g.kg(w)-1

* PORE WATER 5.7E+04 9.2E-05 5.7E+04 9.2E-05 g.L-1

* SOLID PHASE 8.5E+06 1.8E-03 8.5E+06 1.8E-03 g.kg(d)-1
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Solid species (S) 7.6E-02 1.5E-11 7.6E-02 1.5E-11 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

3.6E+03 6.8E-07 3.6E+03 6.8E-07 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

4.1E+02 7.8E-08 4.1E+02 7.8E-08 g.kg(w)-1

Agricultural soil 3.3E+08 7.1E-03 3.3E+08 7.1E-03 g.kg(w)-1

Dissolved/Gas 
species (G/D)

3.3E+08 7.1E-03 3.3E+08 7.1E-03 g.kg(w)-1

* PORE WATER 2.2E+06 4.0E-04 2.2E+06 4.0E-04 g.L-1

* SOLID PHASE 3.3E+08 8.0E-03 3.3E+08 8.0E-03 g.kg(d)-1

Solid species (S) 2.7E+01 5.9E-10 2.7E+01 5.9E-10 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

1.7E+05 3.6E-06 1.7E+05 3.6E-06 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.5E+05 3.2E-06 1.5E+05 3.2E-06 g.kg(w)-1

Other soil 3.2E+06 1.6E-03 3.2E+06 1.6E-03 g.kg(w)-1

Dissolved/Gas 
species (G/D)

3.2E+06 1.6E-03 3.2E+06 1.6E-03 g.kg(w)-1

* PORE WATER 2.1E+04 9.2E-05 2.1E+04 9.2E-05 g.L-1

* SOLID PHASE 3.2E+06 1.8E-03 3.2E+06 1.8E-03 g.kg(d)-1

Solid species (S) 2.8E-02 1.5E-11 2.8E-02 1.5E-11 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

1.3E+03 6.8E-07 1.3E+03 6.8E-07 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.5E+02 7.8E-08 1.5E+02 7.8E-08 g.kg(w)-1

Total D 3.8E+08 1.6E-06 3.8E+08 1.6E-06 g.L-1

Total S 8.0E+03 3.5E-11 8.0E+03 3.5E-11 g.L-1

Total A 3.6E+05 1.6E-09 3.6E+05 1.6E-09 g.L-1

Total P 2.0E+05 8.8E-10 2.0E+05 8.8E-10 g.L-1

Total 3.8E+08 1.6E-06 3.8E+08 1.6E-06 g.L-1

28

29



S5

30 Table S2. Comparison of steady-state mass and concentration calculations for nZnO, using SimpleBox4nano (v4.01-nano) 
31 in Excel and the SimpleBox4nano web application under default scenarios within the continental scale (all values are 
32 rounded to one decimal point).

nZnO
SimpleBox4nano (v4.01-nano) 

in Excel
SimpleBox4nano

Receiving 
Compartment

Masses (kg) Concentrations Masses (kg) Concentrations Concentration 
Units

Air 1.7E+05 2.3E-08 1.7E+05 2.3E-08 g.m-3

Dissolved/Gas 
species (G/D)

2.0E+04 2.7E-09 2.0E+04 2.7E-09 g.m-3

* GAS PHASE 8.4E-09 1.2E-21 8.4E-09 1.2E-21 g.m-3

* AEROSOL- and 
CLOUD PHASES

2.0E+04 2.7E-09 2.0E+04 2.7E-09 g.m-3

Solid species (S) 1.8E+03 2.5E-10 1.8E+03 2.5E-10 g.m-3

Species attached to 
NCs (<450 nm) (A)

1.5E+05 2.0E-08 1.5E+05 2.0E-08 g.m-3

Species attached to 
suspended particles 

(>450 nm) (P)

8.1E-02 1.1E-14 8.1E-02 1.1E-14 g.m-3

Fresh water lake 1.6E+05 1.7E-07 1.6E+05 1.7E-07 g.L-1

Dissolved/Gas 
species (G/D)

1.6E+05 1.7E-07 1.6E+05 1.7E-07 g.L-1

* DISSOLVED 1.6E+05 1.7E-07 1.6E+05 1.7E-07 g.L-1

* SUSPENDED 
SOLIDS

4.3E+01 1.7E-05 4.3E+01 1.7E-05 g.kg(d)-1

Solid species (S) 9.2E-03 1.0E-14 9.2E-03 1.0E-14 g.L-1

Species attached to 
NCs (<450 nm) (A)

1.2E+02 1.3E-10 1.2E+02 1.3E-10 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

4.2E-03 4.6E-15 4.2E-03 4.6E-15 g.L-1

Fresh water lake 
sediment

4.3E+03 1.2E-05 4.3E+03 1.2E-05 g.kg(w)-1

Dissolved/Gas 
species (G/D)

4.3E+03 1.2E-05 4.3E+03 1.2E-05 g.kg(w)-1

* PORE WATER 3.5E+03 6.0E-04 3.5E+03 6.0E-04 g.L-1

* SOLID PHASE 8.7E+02 3.0E-02 8.7E+02 3.0E-02 g.kg(d)-1

Solid species (S) 2.1E-09 5.9E-18 2.1E-09 5.9E-18 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

8.7E-02 2.4E-10 8.7E-02 2.4E-10 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.3E-03 3.5E-12 1.3E-03 3.5E-12 g.kg(w)-1

Fresh water 1.6E+06 5.1E-06 1.6E+06 5.1E-06 g.L-1

Dissolved/Gas 
species (G/D)

1.6E+06 5.1E-06 1.6E+06 5.1E-06 g.L-1

* DISSOLVED 1.6E+06 5.1E-06 1.6E+06 5.1E-06 g.L-1

* SUSPENDED 
SOLIDS

2.7E+03 5.1E-04 2.7E+03 5.1E-04 g.kg(d)-1

Solid species (S) 7.4E-02 2.4E-13 7.4E-02 2.4E-13 g.L-1

Species attached to 2.9E+03 9.3E-09 2.9E+03 9.3E-09 g.L-1
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NCs (<450 nm) (A)
Species attached to 
suspended particles 

(>450 nm) (P)

4.4E-01 1.4E-12 4.4E-01 1.4E-12 g.L-1

Fresh water 
sediment

6.2E+05 1.6E-04 6.2E+05 1.6E-04 g.kg(w)-1

Dissolved/Gas 
species (G/D)

6.2E+05 1.6E-04 6.2E+05 1.6E-04 g.kg(w)-1

* PORE WATER 5.0E+05 7.9E-03 5.0E+05 7.9E-03 g.L-1

* SOLID PHASE 1.2E+05 3.9E-01 1.2E+05 3.9E-01 g.kg(d)-1

Solid species (S) 5.7E-07 1.4E-16 5.7E-07 1.4E-16 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

6.9E+01 1.7E-08 6.9E+01 1.7E-08 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

4.2E+00 1.1E-09 4.2E+00 1.1E-09 g.kg(w)-1

Surface sea/ocean 
water

3.4E+11 4.9E-04 3.4E+11 4.9E-04 g.L-1

Dissolved/Gas 
species (G/D)

3.4E+11 4.9E-04 3.4E+11 4.9E-04 g.L-1

* DISSOLVED 3.4E+11 4.9E-04 3.4E+11 4.9E-04 g.L-1

* SUSPENDED 
SOLIDS

2.5E+08 4.9E-02 2.5E+08 4.9E-02 g.kg(d)-1

Solid species (S) 1.9E+00 2.8E-15 1.9E+00 2.8E-15 g.L-1

Species attached to 
NCs (<450 nm) (A)

4.5E+04 6.5E-11 4.5E+04 6.5E-11 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

7.5E+01 1.1E-13 7.5E+01 1.1E-13 g.L-1

Marine sediment 1.8E+09 1.3E-02 1.8E+09 1.3E-02 g.kg(w)-1

Dissolved/Gas 
species (G/D)

1.8E+09 1.3E-02 1.8E+09 1.3E-02 g.kg(w)-1

* PORE WATER 1.5E+09 6.8E-04 1.5E+09 6.8E-04 g.L-1

* SOLID PHASE 3.7E+08 3.4E-02 3.7E+08 3.4E-02 g.kg(d)-1

Solid species (S) 9.6E-08 7.1E-19 9.6E-08 7.1E-19 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

1.7E+01 1.2E-10 1.7E+01 1.2E-10 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.1E+01 8.1E-11 1.1E+01 8.1E-11 g.kg(w)-1

Natural soil 6.3E+06 7.4E-05 6.3E+06 7.4E-05 g.kg(w)-1

Dissolved/Gas 
species (G/D)

6.3E+06 7.4E-05 6.3E+06 7.4E-05 g.kg(w)-1

* PORE WATER 4.2E+04 4.2E-06 4.2E+04 4.2E-06 g.L-1

* SOLID PHASE 6.3E+06 8.3E-05 6.3E+06 8.3E-05 g.kg(d)-1

Solid species (S) 1.0E-02 1.2E-13 1.0E-02 1.2E-13 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

8.2E+03 9.7E-08 8.2E+03 9.7E-08 g.kg(w)-1

Species attached to 
suspended particles 

5.4E+01 6.3E-10 5.4E+01 6.3E-10 g.kg(w)-1
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(>450 nm) (P)

Agricultural soil 3.1E+07 4.1E-05 3.1E+07 4.1E-05 g.kg(w)-1

Dissolved/Gas 
species (G/D)

3.1E+07 4.1E-05 3.1E+07 4.1E-05 g.kg(w)-1

* PORE WATER 2.1E+05 2.3E-06 2.1E+05 2.3E-06 g.L-1

* SOLID PHASE 3.1E+07 4.7E-05 3.1E+07 4.7E-05 g.kg(d)-1

Solid species (S) 2.2E-02 2.9E-14 2.2E-02 2.9E-14 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

2.0E+04 2.6E-08 2.0E+04 2.6E-08 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.2E+02 1.6E-10 1.2E+02 1.6E-10 g.kg(w)-1

Other soil 2.3E+06 7.4E-05 2.3E+06 7.4E-05 g.kg(w)-1

Dissolved/Gas 
species (G/D)

2.3E+06 7.4E-05 2.3E+06 7.4E-05 g.kg(w)-1

* PORE WATER 1.5E+04 4.2E-06 1.5E+04 4.2E-06 g.L-1

* SOLID PHASE 2.3E+06 8.3E-05 2.3E+06 8.3E-05 g.kg(d)-1

Solid species (S) 3.7E-03 1.2E-13 3.7E-03 1.2E-13 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

3.1E+03 9.7E-08 3.1E+03 9.7E-08 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

2.0E+01 6.3E-10 2.0E+01 6.3E-10 g.kg(w)-1

Total D 3.4E+11 4.4E-05 3.4E+11 4.4E-05 g.L-1

Total S 1.8E+03 2.3E-13 1.8E+03 2.3E-13 g.L-1

Total A 2.3E+05 2.9E-11 2.3E+05 2.9E-11 g.L-1

Total P 2.8E+02 3.6E-14 2.8E+02 3.6E-14 g.L-1

Total 3.4E+11 4.4E-05 3.4E+11 4.4E-05 g.L-1

33
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34 Table S3. Comparison of steady-state mass and concentration calculations for nZnO, using SimpleBox4nano (v4.01-nano) 
35 in Excel and the SimpleBox4nano web application under default scenarios within the moderate zone (all values are 
36 rounded to one decimal point).

nZnO
SimpleBox4nano (v4.01-nano) 

in Excel
SimpleBox4nano

Receiving 
Compartment

Masses (kg) Concentrations Masses (kg) Concentrations Concentration 
Units

Air 9.2E+04 1.2E-09 9.2E+04 1.2E-09 g.m-3

Dissolved/Gas 
species (G/D)

3.0E+03 3.9E-11 3.0E+03 3.9E-11 g.m-3

* GAS PHASE 1.3E-09 1.7E-23 1.3E-09 1.7E-23 g.m-3

* AEROSOL- and 
CLOUD PHASES

3.0E+03 3.9E-11 3.0E+03 3.9E-11 g.m-3

Solid species (S) 6.6E+01 8.5E-13 6.6E+01 8.5E-13 g.m-3

Species attached to 
NCs (<450 nm) (A)

8.9E+04 1.1E-09 8.9E+04 1.1E-09 g.m-3

Species attached to 
suspended particles 

(>450 nm) (P)

3.6E-03 4.6E-17 3.6E-03 4.6E-17 g.m-3

Surface sea/ocean 
water

1.9E+12 4.9E-04 1.9E+12 4.9E-04 g.L-1

Dissolved/Gas 
species (G/D)

1.9E+12 4.9E-04 1.9E+12 4.9E-04 g.L-1

* DISSOLVED 1.9E+12 4.9E-04 1.9E+12 4.9E-04 g.L-1

* SUSPENDED 
SOLIDS

1.4E+09 4.9E-02 1.4E+09 4.9E-02 g.kg(d)-1

Solid species (S) 5.9E-02 1.5E-17 5.9E-02 1.5E-17 g.L-1

Species attached to 
NCs (<450 nm) (A)

4.0E+04 1.0E-11 4.0E+04 1.0E-11 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.7E+00 4.5E-16 1.7E+00 4.5E-16 g.L-1

Deep sea/ocean 
water

5.7E+13 4.9E-04 5.7E+13 4.9E-04 g.L-1

Dissolved/Gas 
species (G/D)

5.7E+13 4.9E-04 5.7E+13 4.9E-04 g.L-1

* DISSOLVED 5.7E+13 4.9E-04 5.7E+13 4.9E-04 g.L-1

* SUSPENDED 
SOLIDS

4.1E+10 4.9E-02 4.1E+10 4.9E-02 g.kg(d)-1

Solid species (S) 1.7E-05 1.4E-22 1.7E-05 1.4E-22 g.L-1

Species attached to 
NCs (<450 nm) (A)

6.0E+03 5.2E-14 6.0E+03 5.2E-14 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

5.6E-01 4.8E-18 5.6E-01 4.8E-18 g.L-1

Marine sediment 2.0E+10 1.3E-02 2.0E+10 1.3E-02 g.kg(w)-1

Dissolved/Gas 
species (G/D)

2.0E+10 1.3E-02 2.0E+10 1.3E-02 g.kg(w)-1

* PORE WATER 1.6E+10 6.8E-04 1.6E+10 6.8E-04 g.L-1

* SOLID PHASE 4.1E+09 3.4E-02 4.1E+09 3.4E-02 g.kg(d)-1

Solid species (S) 5.6E-14 3.7E-26 5.6E-14 3.7E-26 g.kg(w)-1
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Species attached to 
NCs (<450 nm) (A)

1.5E-01 9.7E-14 1.5E-01 9.7E-14 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

5.5E-03 3.6E-15 5.5E-03 3.6E-15 g.kg(w)-1

Other soil 1.3E+07 4.0E-06 1.3E+07 4.0E-06 g.kg(w)-1

Dissolved/Gas 
species (G/D)

1.3E+07 4.0E-06 1.3E+07 4.0E-06 g.kg(w)-1

* PORE WATER 8.7E+04 2.2E-07 8.7E+04 2.2E-07 g.L-1

* SOLID PHASE 1.3E+07 4.5E-06 1.3E+07 4.5E-06 g.kg(d)-1

Solid species (S) 3.6E-03 1.1E-15 3.6E-03 1.1E-15 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

5.0E+04 1.5E-08 5.0E+04 1.5E-08 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

2.0E+01 5.9E-12 2.0E+01 5.9E-12 g.kg(w)-1

Total D 5.9E+13 3.0E-04 5.9E+13 3.0E-04 g.L-1

Total S 6.6E+01 3.3E-16 6.6E+01 3.3E-16 g.L-1

Total A 1.8E+05 9.3E-13 1.8E+05 9.3E-13 g.L-1

Total P 2.2E+01 1.1E-16 2.2E+01 1.1E-16 g.L-1

Total 5.9E+13 3.0E-04 5.9E+13 3.0E-04 g.L-1

37
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38 Table S4. Comparison of steady-state mass and concentration calculations for nZnO, using SimpleBox4nano (v4.01-nano) 
39 in Excel and the SimpleBox4nano web application under default scenarios within the arctic zone (all values are rounded 
40 to one decimal point).

nZnO
SimpleBox4Nano (v4.01-nano) 

in Excel
SimpleBox4Nano

Receiving 
Compartment

Masses (kg) Concentrations Masses (kg) Concentrations Concentration 
Units

Air 1.9E+04 4.5E-10 1.9E+04 4.5E-10 g.m-3

Dissolved/Gas 
species (G/D)

1.3E+02 3.1E-12 1.3E+02 3.1E-12 g.m-3

* GAS PHASE 5.6E-11 1.3E-24 5.6E-11 1.3E-24 g.m-3

* AEROSOL- and 
CLOUD PHASES

1.3E+02 3.1E-12 1.3E+02 3.1E-12 g.m-3

Solid species (S) 7.3E-01 1.7E-14 7.3E-01 1.7E-14 g.m-3

Species attached to 
NCs (<450 nm) (A)

1.9E+04 4.5E-10 1.9E+04 4.5E-10 g.m-3

Species attached to 
suspended particles 

(>450 nm) (P)

1.1E-04 2.5E-18 1.1E-04 2.5E-18 g.m-3

Surface sea/ocean 
water

1.5E+12 6.0E-04 1.5E+12 6.0E-04 g.L-1

Dissolved/Gas 
species (G/D)

1.5E+12 6.0E-04 1.5E+12 6.0E-04 g.L-1

* DISSOLVED 1.5E+12 6.0E-04 1.5E+12 6.0E-04 g.L-1

* SUSPENDED 
SOLIDS

1.1E+09 6.0E-02 1.1E+09 6.0E-02 g.kg(d)-1

Solid species (S) 6.6E-04 2.6E-19 6.6E-04 2.6E-19 g.L-1

Species attached to 
NCs (<450 nm) (A)

8.2E+03 3.2E-12 8.2E+03 3.2E-12 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

3.8E-02 1.5E-17 3.8E-02 1.5E-17 g.L-1

Deep sea/ocean 
water

3.8E+13 4.9E-04 3.8E+13 4.9E-04 g.L-1

Dissolved/Gas 
species (G/D)

3.8E+13 4.9E-04 3.8E+13 4.9E-04 g.L-1

* DISSOLVED 3.8E+13 4.9E-04 3.8E+13 4.9E-04 g.L-1

* SUSPENDED 
SOLIDS

2.7E+10 4.9E-02 2.7E+10 4.9E-02 g.kg(d)-1

Solid species (S) 2.2E-07 2.9E-24 2.2E-07 2.9E-24 g.L-1

Species attached to 
NCs (<450 nm) (A)

1.3E+03 1.7E-14 1.3E+03 1.7E-14 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.3E-02 1.7E-19 1.3E-02 1.7E-19 g.L-1

Marine sediment 1.3E+10 1.3E-02 1.3E+10 1.3E-02 g.kg(w)-1

Dissolved/Gas 
species (G/D)

1.3E+10 1.3E-02 1.3E+10 1.3E-02 g.kg(w)-1

* PORE WATER 1.1E+10 6.8E-04 1.1E+10 6.8E-04 g.L-1

* SOLID PHASE 2.7E+09 3.4E-02 2.7E+09 3.4E-02 g.kg(d)-1

Solid species (S) 7.4E-16 7.4E-28 7.4E-16 7.4E-28 g.kg(w)-1
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Species attached to 
NCs (<450 nm) (A)

3.3E-02 3.3E-14 3.3E-02 3.3E-14 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.2E-04 1.2E-16 1.2E-04 1.3E-16 g.kg(w)-1

Other soil 3.8E+06 2.6E-06 3.8E+06 2.6E-06 g.kg(w)-1

Dissolved/Gas 
species (G/D)

3.8E+06 2.6E-06 3.8E+06 2.6E-06 g.kg(w)-1

* PORE WATER 2.5E+04 1.5E-07 2.5E+04 1.5E-07 g.L-1

* SOLID PHASE 3.8E+06 3.0E-06 3.8E+06 3.0E-06 g.kg(d)-1

Solid species (S) 2.2E-05 1.5E-17 2.2E-05 1.5E-17 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

6.1E+03 4.2E-09 6.1E+03 4.2E-09 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.2E-01 8.1E-14 1.2E-01 8.1E-14 g.kg(w)-1

Total D 3.9E+13 3.2E-04 3.9E+13 3.2E-04 g.L-1

Total S 7.3E-01 6.0E-18 7.3E-01 6.0E-18 g.L-1

Total A 3.5E+04 2.9E-13 3.5E+04 2.9E-13 g.L-1

Total P 1.7E-01 1.4E-18 1.7E-01 1.4E-18 g.L-1

Total 3.9E+13 3.2E-04 3.9E+13 3.2E-04 g.L-1

41
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42 Table S5. Comparison of steady-state mass and concentration calculations for nZnO, using SimpleBox4nano (v4.01-nano) 
43 in Excel and the SimpleBox4nano web application under default scenarios within the tropic zone (all values are rounded 
44 to one decimal point).

nZnO
SimpleBox4nano (v4.01-nano) 

in Excel
SimpleBox4nano

Receiving 
Compartment

Masses (kg) Concentrations Masses (kg) Concentrations Concentration 
Units

Air 2.7E+04 2.1E-10 2.7E+04 2.1E-10 g.m-3

Dissolved/Gas 
species (G/D)

2.3E+02 1.8E-12 2.3E+02 1.8E-12 g.m-3

* GAS PHASE 9.9E-11 3.1E-24 9.9E-11 3.1E-24 g.m-3

* AEROSOL- and 
CLOUD PHASES

2.3E+02 1.8E-12 2.3E+02 1.8E-12 g.m-3

Solid species (S) 1.1E+00 8.7E-15 1.1E+00 8.7E-15 g.m-3

Species attached to 
NCs (<450 nm) (A)

2.6E+04 2.1E-10 2.6E+04 2.1E-10 g.m-3

Species attached to 
suspended particles 

(>450 nm) (P)

3.7E-05 2.9E-19 3.7E-05 2.9E-19 g.m-3

Surface sea/ocean 
water

4.4E+12 4.9E-04 4.4E+12 4.9E-04 g.L-1

Dissolved/Gas 
species (G/D)

4.4E+12 4.9E-04 4.4E+12 4.9E-04 g.L-1

* DISSOLVED 4.4E+12 4.9E-04 4.4E+12 4.9E-04 g.L-1

* SUSPENDED 
SOLIDS

3.2E+09 4.9E-02 3.2E+09 4.9E-02 g.kg(d)-1

Solid species (S) 1.6E-03 1.8E-19 1.6E-03 1.8E-19 g.L-1

Species attached to 
NCs (<450 nm) (A)

1.9E+04 2.2E-12 1.9E+04 2.2E-12 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

1.8E-02 2.1E-18 1.8E-02 2.1E-18 g.L-1

Deep sea/ocean 
water

1.4E+14 5.3E-04 1.4E+14 5.3E-04 g.L-1

Dissolved/Gas 
species (G/D)

1.4E+14 5.3E-04 1.4E+14 5.3E-04 g.L-1

* DISSOLVED 1.4E+14 5.3E-04 1.4E+14 5.3E-04 g.L-1

* SUSPENDED 
SOLIDS

1.0E+11 5.3E-02 1.0E+11 5.3E-02 g.kg(d)-1

Solid species (S) 4.0E-07 1.5E-24 4.0E-07 1.5E-24 g.L-1

Species attached to 
NCs (<450 nm) (A)

2.7E+03 1.0E-14 2.7E+03 1.0E-14 g.L-1

Species attached to 
suspended particles 

(>450 nm) (P)

6.2E-03 2.3E-20 6.2E-03 2.3E-20 g.L-1

Marine sediment 5.0E+10 1.4E-02 5.0E+10 1.4E-02 g.kg(w)-1

Dissolved/Gas 
species (G/D)

5.0E+10 1.4E-02 5.0E+10 1.4E-02 g.kg(w)-1

* PORE WATER 4.0E+10 7.3E-04 4.0E+10 7.3E-04 g.L-1

* SOLID PHASE 1.0E+10 3.6E-02 1.0E+10 3.6E-02 g.kg(d)-1

Solid species (S) 1.3E-15 3.7E-28 1.3E-15 3.7E-28 g.kg(w)-1
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Species attached to 
NCs (<450 nm) (A)

6.5E-02 1.9E-14 6.5E-02 1.9E-14 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

6.0E-05 1.7E-17 6.0E-05 1.7E-17 g.kg(w)-1

Other soil 1.3E+06 3.9E-07 1.3E+06 3.9E-07 g.kg(w)-1

Dissolved/Gas 
species (G/D)

1.3E+06 3.9E-07 1.3E+06 3.9E-07 g.kg(w)-1

* PORE WATER 8.4E+03 2.2E-08 8.4E+03 2.2E-08 g.L-1

* SOLID PHASE 1.3E+06 4.4E-07 1.3E+06 4.4E-07 g.kg(d)-1

Solid species (S) 4.7E-05 1.4E-17 4.7E-05 1.4E-17 g.kg(w)-1

Species attached to 
NCs (<450 nm) (A)

1.0E+04 3.2E-09 1.0E+04 3.2E-09 g.kg(w)-1

Species attached to 
suspended particles 

(>450 nm) (P)

2.5E-01 7.8E-14 2.5E-01 7.8E-14 g.kg(w)-1

Total D 1.5E+14 3.6E-04 1.5E+14 3.6E-04 g.L-1

Total S 1.1E+00 2.8E-18 1.1E+00 2.8E-18 g.L-1

Total A 5.9E+04 1.5E-13 5.9E+04 1.5E-13 g.L-1

Total P 2.8E-01 6.9E-19 2.8E-01 6.9E-19 g.L-1

Total 1.5E+14 3.6E-04 1.5E+14 3.6E-04 g.L-1

45
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46 S2. Comparison of steady-state mass flow (kg s-1) calculations using SimpleBox4nano (v4.01-nano) in Excel and the SimpleBox4nano web application

47

48 Table S6. Steady-state mass flows (kg s-1) calculations for nZnO, using SimpleBox4nano (v4.01-nano) in Excel under default scenarios (all values are rounded to one decimal point).

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

soil-
water

water-
sed

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 w0R  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 w1R 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 w0C  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 w1C 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-1) calculations for nZnO, using SimpleBox4nano web application under default scenarios (all values are rounded to one decimal point).

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

soil-
water

water-
sed

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 w0R 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 w1R 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 w1C 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

deep sea w3M
5.5E+05 5.5E+05 9.9E-03 2.3E-07 9.2E+02 9.2E+02 -3.2E-

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

upper ocean water w2A
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-

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

51
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52 S3. Comparison of dynamic output

53

54
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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58

59

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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63

64

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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68

69

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 the Dynamic Rshell for SimpleBox4nano (v4.01-nano) and the SimpleBox4nano web application (bottom panel), under default scenarios within the arctic zone.

72
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73

74
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 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 
85 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-1) and 
86 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.

87
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88 S5. Output window after selecting ‘Execute Dynamic Simulation’

89

90
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’

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

101
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102

103
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.

https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/results/
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106
107 Figure S10. Using Postman to test the functionality of a ‘GET’ request for the endpoint 
108 https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/substances, verifying the request parameters and the 
109 expected response.

https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/substances
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110
111 Figure S11. Using Postman to test the functionality of a ‘GET’ request for the endpoint 
112 https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/scenarios, verifying the request parameters and the 
113 expected response.

114
115 Figure S12. Snapshot of the Swagger/OpenAPI interface for the SimpleBox4nano RESTful API hosted on the Enalos Cloud 
116 platform. The interface documents the available POST and GET endpoints and allows interactive inspection and testing of API 
117 requests and responses.

https://enaloscloud.novamechanics.com/insight/apis/simplebox4nano/scenarios
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118 S8. Environmental fate modelling – SimpleBox4Planet vs. SimpleBox4nano

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)

123
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-1) 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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129
130 Figure S15. Fate factor (FF, days) graphical output generated by the SimpleBox4nano web application for the default engineered 
131 nanomaterial, calculated over a 100-year simulation horizon for solid-species emission to continental sea water (1000 t·y-1). The 
132 interface reports the compartment-specific fate factors (in days) for receiving compartments (air, fresh water lake, fresh water, 
133 coastal sea water, natural soil, agricultural soil, other soil).

134
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135 S8.2 Emissions of dissolved species in soil (at the moderate scale zone)

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-1) 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.

142
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143
144 Figure S17. Fate factor (FF, days) graphical output generated by the SimpleBox4nano web application for the default engineered 
145 nanomaterial, calculated over a 100-year simulation horizon for solid-species emission to continental natural soil (1000 t·y-1). 
146 The interface reports the compartment-specific fate factors (in days) for receiving compartments (air, fresh water lake, fresh 
147 water, coastal sea water, natural soil, agricultural soil, other soil).

148
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149 S9. Sensitivity Exploration (selection of lower and upper bounds)

150 The nanoparticle radius range (1-100 nm) aligns with the commonly adopted size range for 
151 nanomaterials, while also matching typical primary particle sizes observed in microscopy and DLS 
152 characterisation of commercially relevant ENMs.1 The density range (900-30 000 kg m-3) is chosen to cover 
153 low-density organic and polymeric ENMs and extend to very dense metals and alloys, thereby allowing the 
154 model to represent both buoyant and strongly settling particles in different compartments.2 The acid 
155 dissociation constant (pKa) interval (-2 to 14) captures the full range of strongly acidic sulfonic/sulfate 
156 functional groups used on oxide or latex nanoparticles3 through to highly basic guanidinium- and amine-
157 rich coatings employed on AuNPs, liposomes and polymeric carriers.4 The melting temperature (Tm) range 
158 (15-4000 ℃) reflects the diversity of ENMs from low-melting organic/polymeric nanoobjects to refractory 
159 metal oxides and high-temperature ceramics used in catalysis or coatings.5 Partition properties (Kaw, Kow, 
160 Ksw, Pvap and Sol) are primarily relevant for dissolved or molecular species that arise from ENM 
161 transformation (e.g. metal ions, small organic ligands, degradation products). The ranges in Table 1 are 
162 selected to be at least as wide as those employed in previous multimedia fate assessments of organic 
163 chemicals, ensuring that hydrophilic, amphiphilic and highly hydrophobic transformation products can be 
164 represented within a single unified parameter space.6-8 The Hamaker constant range (10-21-10-19 J) is 
165 consistent with experimentally and theoretically derived values for metal oxides, metals and carbonaceous 
166 particles in water, which typically lie in the 10-21-10-19 J interval depending on medium composition and 
167 surface coatings.9 Kinetic parameters (transformation, degradation and dissolution constants) are 
168 deliberately defined over several orders of magnitude to cover extremely persistent ENMs, such as inert 
169 oxides, as well as rapidly transforming or dissolving materials (e.g. sulfidising Ag NPs or readily dissolving 
170 ZnO).10 Attachment efficiencies between 10-10 and 1 reflect the wide range of aggregation behaviours 
171 observed for ENMs interacting with natural colloids or suspended solids, where electrostatic and steric 
172 stabilisation can suppress attachment far below unity.11

173
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174 S10. Halton Design

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

176 S10.1.1 Air

177 S10.1.1.1Dissolved/Gas species

178

179

180
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181

182

183

184
185 Figure S18. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the 
186 dissolved/gas species (D-species) under the solid-species emission scenario (1000 t y-1) to the air compartment at the moderate 
187 (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting 
188 total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide 
189 an initial visual indication of non-linear trends.
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190 S10.1.1.2Total Solid species

191

192

193

194
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195

196

197

198 Figure S19. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the solid 
199 species (S-species) under the solid-species emission scenario (1000 t y-1) to the air compartment at the moderate (global-scale) 
200 zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting total 
201 dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide an 
202 initial visual indication of non-linear trends.

203
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204 S10.1.1.3Total species attached to NCs (< 450 nm)

205

206

207

208
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209

210

211

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-1) 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 S10.1.1.4Total species attached to suspended particles (> 450 nm)

219

220

221

222



S41

223

224

225

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-1) 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.

231
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232 S10.1.2 Soil

233 S10.1.2.1Dissolved/Gas species

234

235

236

237
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238

239

240

241 Figure S22. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the 
242 dissolved/gas species (D-species) under the solid-species emission scenario (1000 t y-1) to the soil compartment at the moderate 
243 (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting 
244 total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide 
245 an initial visual indication of non-linear trends.

246
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247 S10.1.2.2Total Solid species

248

249

250

251



S45

252

253

254

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-1) 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.

260
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261 S10.1.2.3Total species attached to NCs (< 450 nm)

262

263

264

265
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266

267

268

269 Figure S24. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the hetero-
270 aggregated species attached to natural colloids (< 450 nm) (A) under the solid-species emission scenario (1000 t y-1) to the soil 
271 compartment at the moderate (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), 
272 plotted against the resulting total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are 
273 included in each panel to provide an initial visual indication of non-linear trends.

274
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275 S10.1.2.4Total species attached to suspended particles (> 450 nm)

276

277

278

279
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280

281

282

283 Figure S25. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the species 
284 attached to suspended particles (> 450 nm) (P) under the solid-species emission scenario (1000 t y-1) to the soil compartment at 
285 the moderate (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against 
286 the resulting total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each 
287 panel to provide an initial visual indication of non-linear trends.

288



S50

289 S10.1.3 Water

290 S10.1.3.1Dissolved/Gas species

291

292

293

294
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295

296

297

298 Figure S26. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the 
299 dissolved/gas species (D-species) under the solid-species emission scenario (1000 t y-1) to the water compartment at the moderate 
300 (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting 
301 total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide 
302 an initial visual indication of non-linear trends.

303
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304 S10.1.3.2Total Solid species

305

306

307

308

309
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311

312

313

314 Figure S27. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the solid 
315 species (S-species) under the solid-species emission scenario (1000 t y-1) to the water compartment at the moderate (global-scale) 
316 zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against the resulting total 
317 dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each panel to provide an 
318 initial visual indication of non-linear trends.
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320 S10.1.3.3Total species attached to NCs (< 450 nm)

321

322

323

324
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325

326

327

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-1) 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.
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334 S10.1.3.4  Total species attached to suspended particles (> 450 nm)

335

336

337
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339

340

341

342 Figure S29. Scatter plots of the 10,000 simulation outputs generated with the SimpleBox4nano web application for the species 
343 attached to suspended particles (> 450 nm) (P) under the solid-species emission scenario (1000 t y-1) to the water compartment at 
344 the moderate (global-scale) zone. Each panel corresponds to one of the 13 physicochemical parameters (x-axis), plotted against 
345 the resulting total dissolved/gas mass (kg) at steady state (y-axis). Fitted second-order polynomial curves are included in each 
346 panel to provide an initial visual indication of non-linear trends.

347
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348 S11. Pareto analysis for D species under three different emission scenarios

349
350 Figure S30. Pareto chart of standardized main effects for the total dissolved/gas species (D-species) mass output, as generated 
351 with the SimpleBox4nano web application under the solid-species emission scenario to the air compartment at the moderate 
352 (global-scale) zone. Horizontal bars indicate the magnitude and direction of each standardized main effect for the 13 
353 physicochemical parameters. The vertical dotted red line denotes the statistical significance threshold (α = 0.05), above which 
354 parameter effects are considered statistically significant.

355
356 Figure S31. Pareto chart of standardized main effects for the total dissolved/gas species (D-species) mass output, as generated 
357 with the SimpleBox4nano web application under the solid-species emission scenario to the soil compartment at the moderate 
358 (global-scale) zone. Horizontal bars indicate the magnitude and direction of each standardized main effect for the 13 
359 physicochemical parameters. The vertical dotted red line denotes the statistical significance threshold (α = 0.05), above which 
360 parameter effects are considered statistically significant.
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361
362 Figure S32. Pareto chart of standardized main effects for the total dissolved/gas species (D-species) mass output, as generated 
363 with the SimpleBox4nano web application under the solid-species emission scenario to the water compartment at the moderate 
364 (global-scale) zone. Horizontal bars indicate the magnitude and direction of each standardized main effect for the 13 
365 physicochemical parameters. The vertical dotted red line denotes the statistical significance threshold (α = 0.05), above which 
366 parameter effects are considered statistically significant.

367 S12. Sensitivity Exploration

368 S12.1 Solid-species emissions (1000 t y-1) in soil compartment of the moderate (global scale) zone

369
370 Figure S33. Pareto charts of standardized effects for the total solid-associated mass (S + A + P) under a solid-species emission of 
371 1000 t y-1 in soil compartment of the moderate (global scale) zone. Left chart presents the main-effects Pareto chart for all 13 
372 physicochemical parameters. Right chart presents Pareto chart including main, two-factor interaction, and quadratic terms for the 
373 three influential properties observed in the left chart. The vertical red dashed line denotes in both charts the statistical significance 
374 threshold.

375
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376 S12.2 Solid-species emissions (1000 t y-1) in water compartment of the moderate (global scale) zone

377
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 t y-1 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.

383
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385
386 Figure S35. Two-factor response surfaces (heat maps) of the predicted total solid-associated mass (S + A + P) for the default 
387 engineered nanomaterial under a solid-species emission of 1000 t·y-1 to the water compartment of the moderate (global-scale) 
388 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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