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1. Materials and Work Environment Characteristics

Table S1. Materials for packing line and code, number of batch repetitions, powdered material particle size and moisture
content, and environment characteristics, total air flow (Q m® min™') and corresponding air changes per hour (ACH h!).

Packing Material Code Repetitions Material Characteristic Environment
Line dso (um) Moisture (%) ACH (h7) Q (m? min)

Clay 1 C1 3 13 11 21 746

L Clay 2 C2 2 10 13 12 415
Kaolin 1 K1 2 13 11 12 415

M Feldspar 1 F1 2 31-39 0.2 18 617
Quartz 1 Q1 2 30-38 0.1 17 602

I Feldspar 2 F2 2 22 0.3 29 206
Kaolin 2 K2 2 8 0.7 32 227

2. Dustiness Results

Dustiness index results are expressed in mg kg as well as in ranking categories ac-
cording to the EN 15051:2013 classification. The ranking categories are described in Table

52.
Table S2. Ranking categories for continuous drop (CD) and rotating drum (RD) dustiness methods according to the EN
15051:2013.
me kel Continuous Drop Rotating Drum
§%8 Respirable Inhalable Respirable Inhalable
Very low <20 <1000 <10 <300
Low 20-70 1000-4000 10-60 300-650
Medium 70-300 400-15,000 60-210 650-3000
High >300 >15,000 >210 >3000

Considering inhalable fraction from CD dustiness results, all materials were classi-
fied as medium DI, except Clay 1, with a low DI (1733 mg kg™) and Kaolin 1, with high
DI (18,886 mg kg'), both materials being packed in Packing Line L. On the other hand,
considering respirable fraction, all materials packed in Lines L and M were classified as
materials with low dustiness index, and those packed in packing Line H, were classified
as high dustiness index materials (Table 1). The material with higher respirable dustiness
was Kaolin2, Packing Line H (104 mg kg™') and the lower Clay 1, Packing Line L (6 mg
kg™).

According to RD dustiness results, all materials, except Kaolin 2, which was classified
as medium DI, were classified as low DI when considering inhalable fraction. When con-
sidering respirable DI, all materials were classified as low, except Feldspar 1 and Quartz
1 (Packing Line M) and Feldspar 2 (Packing Line H).

Toxics 2021, 9, 201. https://doi.org/10.3390/toxics9090201 www.mdpi.com/journal/toxics



Toxics 2021, 9, 201 2 of 9

3. Exposure Control Efficacy Library (ECEL v3.0) Search Results
This section provides the results from ECEL search (https://diamonds.tno.nl/#ecel,

accessed on 14 June 2021) of reduction percentages due to risk management measures in
place for different activities/tasks.

3.1. ECEL Reduction Efficacy of “Containment without Ventilation” on Bagging, Dumping,
Filling, Packing/Bottling, Transfer of Powders, Transfer During Packing and Pouring of
Powders

Task / Activity * Bagging
+ Dumping
* Filling
* Packing / bottling
+ Transfer powders
¢ Transfer during packaging

* Pouring powders
Activity Class « Transfer of powders, granules or pelletized material

Source ¢ ECEL vI.0 (<2012)
¢ ECEL v2.0 (<2012)
+ ECEL literature review 2019/2020
+ TNO MEC RMM manufacturer data
* Nano-specific data
+ BROWSE PPE data

Results Selected records Compare RMMs RMM analysis

Figure S1. Search selection of risk management measures (RMM) reduction percentage for tasks (bagging/dumping/fill-
ing, packing/bottling, transfer powders, transfer during packing and pouring of powders) in ECEL. Source: screenshot
from https://diamonds.tno.nl/#ecel, accessed on 14 June 2021.
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Figure S2. Overview of reduction percentages due to different risk management measures (RMM) on process selection
from Figure S1. Source: screenshot from https://diamonds.tno.nl/#ecel, accessed on 14 June 2021.

3.2. ECEL Reduction Efficacy of “Low and Medium Level Containment” for General Processes

RMM Type + Segregation / compartmentation

+ Containment / enclosure source

RMM Group + Isolation of a single or multiple emission sources, processes or process step/s

« Containment without ventilation

RMM Sub Group + Segregation not specified
+ Low-level containment (not airtight w/o ventilation)
+ Medium-level containment (sealed w/o ventilation)

+ Low-level containment (not airtight)
RMM Test « Single RMM

Source « ECEL v1.0 (<2012)
+ ECEL v2.0 (<2012)
+ ECEL literature review 2019/2020
+ TNO MEC RMM manufacturer data
+ Mano-specific data

+ BROWSE PPE data

Results Selected records Compare RMMs RMM analysis

Figure S3. Search selection of risk management measures (RMM) reduction percentages due to isolation/segregation, con-
tainment without ventilation, low-level containment, not specified segregation and medium level containment on general
tasks in ECEL. Source: screenshot from https://diamonds.tno.nl/#ecel, accessed on 14 June 2021.
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Figure S4. Overview of reduction percentages due to due to isolation/segregation, containment without ventilation, low-
level containment, not specified segregation and medium level containment on general processes. RMM: risk management
measures. Source: screenshot from https://diamonds.tno.nl/#ecel, accessed on 14 June 2021.

3.3. ECEL Reduction Efficacy of “Fixed Capturing Hoods” on Bagging, Dumping, Filling,
Packing/Bottling, Transfer of Powders, Transfer During Packing and Pouring of Powders

Task / Activity * Bagging
* Dumping
* Filling
* Packing / bottling
¢ Transfer powders
* Transfer during packaging

+ Pouring powders

Activity Class « Transfer of powders, granules or pelietized material

Source * ECEL v1.0 (<2012)
¢ ECEL v2.0 (<2012)
+ ECEL literature review 2019/2020
¢+ TNO MEC RMM manufacturer data
* Nano-specific data

* BROWSE PPE data

Figure S5. Search selection of “fixed capturing hoods” risk management measure on bagging, dumping, filling, pack-
ing/bottling, transfer of powders, transfer during packing and pouring of powders in ECEL. Source: screenshot from
https://diamonds.tno.nl/#ecel, accessed on 14 June 2021.
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Figure S6. Overview of reduction percentages due to due to “fixed capturing hoods” on process selection from Figure S5.
RMM: risk management measures. Source: screenshot from https://diamonds.tno.nl/#ecel, accessed on 14 June 2021.

4. Monitored Mass Concentrations Results

Packing of materials was seen to increase inhalable and respirable exposure concen-
trations for most of the studied materials and were reported by (Ribalta et al., 2019). In
summary, highest mean inhalable worker area/FF concentrations monitored were 4.7, 4.3
and 3.4 mg m for Kaolin 1 (packing line L), Feldspar 2 (packing line H) and Feldspar 1
(packing line M), respectively. Similarly, highest respirable exposure concentrations were
monitored for Feldspar 1 and 2, and Kaolin 1 with maximum mean concentrations be-
tween 0.70-0.57 mg m=3. On the other hand, lowest inhalable and respirable concentration
were monitored during packing of Kaolin 2 (packing line H), which is conversely one of
the materials with higher DI, with concentrations of 0.28 and 0.053 mg m=, respectively.
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5. Mean Absolute Error and Models Correlation
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Spearman = 0.25 Spearman =-0.17

Figure S7. Linear regression, R? and Spearman’s correlation coefficient (c.c.) for respirable modelled concentration and
measured concentrations when using (a) one-box model and CD D], (b) one-box model and RD D], (c) two-box model and
CD D], and (d) two-box model and RD DI.
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Figure S8. Linear regression, R? and Spearman’s correlation coefficient (c.c.) for inhalable modelled concentration and
measured concentrations when using (a) one-box model and CD DI, (b) one-box model and RD D], (c) two-box model and
CD D], and (d) two-box model and RD DI.

Table S3. Difference between modelled and measured inhalable concentration (Diff.), absolute difference (Abs. diff.) and
mean absolute error (MAE) for each model run. C1: Clay 1; C2: Clay 2; K1: Kaolin 1; F1: Feldspar 1; Q1: Quarts 1; F2:
Feldspar 2; K2: Kaolin 2.

c Measured —— 1One-Box CD — —— 1One-Box RD — —— "{wo-Box CD — —— "{wo-Box RD =
ase ode . s. ode . s. ode . s. ode . s.
mgm?)  emy P pit mgmy P Dt mgmy P Dt mgmy P Dige
C1.R1 1.85 92.1 -90.3 90.3 5.1 -3.25 3.25 30.9 -29.1 29.1 1.7 0.15 0.15
C1.R2 1.70 94.5 -92.8 92.8 5.2 -3.50 3.50 31.5 -29.8 29.8 1.8 -0.10 0.10
C1.R3 1.37 93.4 -92.0 92.0 5.2 -3.83 3.83 31.3 -29.9 29.9 1.7 -0.33 0.33
C2.R1 2.00 263.6 -261.6 261.6 9.8 -7.80 7.80 86.1 -84.1 84.1 3.2 -1.2 1.2
C2.R2 1.54 221.2 -219.7 219.7 8.2 —6.66 6.66 72.3 -70.8 70.8 2.7 -1.2 1.2
K1.R1 2.65 1117.0 -1114 1114 20.9 -18.3 18.3 362.9 -360.3 360.3 6.8 -4.2 4.2
K1.R2 4.71 1266.5 -1262 1262 23.7 -19.0 19.0 410.1 -405.4 4054 7.7 -3.0 3.0
F1.R1 3.42 198.4 -195.0 195.0 8.8 -5.38 5.38 65.9 -62.5 62.5 2.9 0.52 0.52
F1.R2 1.41 285.1 -283.7  283.7 12.7 -11.3 11.3 94.6 -93.2 93.2 4.2 -2.8 2.8
Q1.R1 1.71 155.2 -153.5 1535 8.3 -6.59 6.59 52.7 -51.0 5.0 2.8 -1.1 1.1
Q1.R2 1.15 181.8 -180.7  180.7 9.7 -8.55 8.55 61.8 -60.7 60.7 3.3 -2.2 2.2
F2.R1 4.26 170.9 -166.6  166.6 8.9 -4.64 4.64 84.8 -80.5 80.5 44 -0.14 0.14
F2.R2 1.57 168.7 -167.1  167.1 8.8 -7.23 7.23 83.2 -81.6 81.6 44 -2.8 2.83
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K2.R1 0.83 217.9 -2171 2171 12.8 -12.0 12.0 98.3 -97.5 97.5 5.8 -5.0 5.0
K2.R2 0.28 215.3 -215.0 215.0 12.6 -12.3 12.3 96.8 -96.5 96.5 5.7 -5.4 5.4
MAE 314.1 8.7 108.9 2.0

Table S4. Difference between modelled and measured respirable concentration (Diff.), absolute difference (Abs. diff.) and
mean absolute error (MAE) for each model run. C1: Clay 1; C2: Clay 2; K1: Kaolin 1; F1: Feldspar 1; Q1: Quarts 1; F2:
Feldspar 2; K2: Kaolin 2.

c Measured — 1One-Box CD = — 1One-Box RD = — "{wo-Box CD = — "fwo-Box RD =
ase ode . S. ode. . S. ode. . S. ode. . S.
mg/m?)  emy) P Ditt, mgmy P it mgmy O Dt mgmy  OF D
CLR1 0.14 0.32 018 018 0.69 055 055 0.11 003 003 0.23 009 0.09
CLR2 0.17 0.33 016 0.6 0.71 054 054 0.11 -006 0.6 0.24 007 007
CLR3 0.16 0.32 016 0.6 0.70 054 054 0.11 005 005 0.24 008 0.08
C2.R1 0.14 0.82 068  0.68 1.0 086 0.86 0.27 013 013 0.33 019 019
C2.R2 0.14 0.68 054 054 0.86 072 072 0.22 008 008 0.28 014 014
KLRI 0.24 26 236 2.36 11 086  0.86 0.85 061 061 0.35 011 011
KL.R2 0.61 3.0 239 2.39 12 059 059 0.96 035 035 039  -022 022
FLRI 0.58 11 052 052 14 082 082 0.38 020 020 047  -011 011
FL.R2 0.12 16 148 148 2.0 188 188 0.55 043 043 0.67 055 055
QLRI 0.15 0.76 061 061 13 115 115 0.26 011 011 0.44 029 029
Q1R2 0.21 0.89 068 0.68 15 129 129 0.30 009 0.09 0.52 031 031
F2.R1 0.70 14 070 070 0.60 010 010 0.68 002 0.02 0.30 04 04
F2.R2 0.29 14 111 11 0.59 030 030 0.66 037 037 0.29 00 00
K2.R1 0.14 18 166 166 14 126 126 0.83 069  0.69 0.64 050 050
K2.R2 0.05 18 175 175 14 135 135 0.82 077 077 0.63 058 058

MAE 1.0 0.85 0.27 0.24




