"‘l "9 » . "" T m" [!‘
Wi MY Y

e-'_‘-l--"a

al Bonferehcémonv.wl\lanotechnolog f b\mahle I\Ilaterla'& q

7% -

U.S. Endowment USDA Forest Service
for Forestry and Communities _‘"‘ U.S. DEPARTMENT OF AGRICULTURE

Safer by Design Toolbox to Advance
Functionalized Cellulose-based Nanomaterials

Yueyang (Brian) Zhang, Kimberly Ong, James Ede, Ana Diges, You-Lo Hsieh, Mengzhe
Guo, Ben Pingrey, Christie Sayes, James Liu, Amanda Sevcik, Clancy Collom, Nicole
Stark, Robert Moon, Jo Anne Shatkin

14 JUNE 2023

\/ ireo Advisors, LLC |Baylor University ¢

Raising the Bar on Sustainability in Innovation

12-16 JUNE 2023 « VANCOUVER, B.C. CANADA



USDA Forest Service \/ .
= | U.S. DEPARTMENT OF AGRICULTURE ireo AdVISOI’S, LLC

1. Most abundant biopolymer OH T ' oH ]
o0 HO 5
Hmﬂw mﬂx
0
OH OH

2. Wood as source material

cellulose

3. Applications

4. Cellulose-based nanomaterials (CNs)

* Hydrophilic
* Free hydroxyl group for surface modifications
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1. CNs behave similarly to conventional cellulose and raise no safety concerns when used as a food ingredient at
4% of diet.

2. Baseline measurements for examining potential impact of future functionalization on toxicity.

Animal Studies 1.3 Cell-based Studies 23

Study Result Endpoint Result
Acute Oral Rat Toxicity
7-day Oral Toxicity NO ADVERSE EFFECTS | Cytotoxicity In Co- NO ADVERSE EFFECTS
(OECD TG 407) Culture Model
14-day Oral Toxicity NO ADVERSE EFFECTS | Barrier Integrity Over  NO ADVERSE EFFECTS
(OECD TG 407) 7-days
Sub-chronic Oral Rat Toxicity Oxidative Stress NO ADVERSE EFFECTS
90-day Oral Toxicity NO ADVERSE EFFECTS | Inflammation NO ADVERSE EFFECTS

(OECD TG 408)

10ng, K.J et al. (2020)
2pradhan et al. (2020)
3 Ede et al. (2020)
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Table 1. Survey results - CN surface modifications and applications with high commercial potential.

M--_ -y

46% | |TEMPO oxidized Packaging 35% T o
(0]
CNF 46% | |Carboxylated 20% Polymer and 26% © on
composite TEMPO
Hairy 4% Alkylated 13% Metal ion absorbant 13% [ Ho |
cellulose Hof/oﬁ i
Chitin 4% Cationic 10% Coating 9% | Od- d °
Sulfated 10% Cosmetics 4% C2/C3 Carboxy
Carboxylmethylated 7% Others Pk
0
Others HO o
OH

* TEMPO: 2,2,6,6-tetramethylpyperidine-1-oxyl
Sulfated
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How changing the surface chemistry of CNs affects safety and regulatory acceptance?
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Development of safer-by-design toolbox and life cycle risk assessment (LCRA) for the
production of safe functionalized CNs.

P3Nano

UAS

RTMENT OF AGRICONS




USDA Forest Service

_ U.5. DEPARTMENT OF AGRICULTURE

Methods and data to
evaluate safety of CNs

forms: ATS Safety Testing

60

Physical Chemical
Characterization

Inhalation  Oral

w Database of Safety Database of Physical
Data and Chemical Data

\(reo Advisors, LLC

1st generation of
modified CNs:
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1. Synthesis of CNs with selected surface chemistries
and in different geometric dimensions and aspect ratios.

2. Adapt non-animal testing protocols to assess cytotoxic
response and inflammatory potential of surface-modified
CNs.

3. Develop safer-by-design toolbox and life cycle risk
assessment (LCRA).

\(reo Advisors, LLC

Safer-by-Design Life-cycle Risk
Toolbox Analysis

Development and

Outreach (Vireo)

Priority CN
Functionalization

creening

a4 Alternative

g Toxicit
Synthesis CNs y
(UC Davis) Assessment
(Baylor)

’ Baylor University

Variable CN Shape
Chemistry Charge

11
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HO

TEMPO C2/C3 Carboxy

o — -
NE v
Lo o
Q
mo o/ 0/ o~ o
OH o o
0
OH

Unfunctionalized cellulose

OH
OH
HO 9) O
-0 o) HO
OH
OH

Periodate
Chlorite

HSO,CI

» TEMPO-CNFs

Two charge levels

» PC-CNFs
Different L/W ratios

» SCNFs

Three charge levels

12
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L o TCNF3.30 TCNF5.10 TCNF5.30 TCNF8.30
Or 3 mmol NaClO/g, 30 min blending 5 mmol NaClO/g, 10 min blending 5 mmol NaClO/g, 30 min blending 8 mmol NaClO/g, 30 min blending
M/O
HO
OH

- M
# Frequency

# Frequency

-
(=]

(1,1.5](1.5, 2] (2, 2.5] (2.5, 3](3, 3.5] >3.5

<1 (1,15](15, 2] (2, 2.5] (2.5, 3] >3

Thickness (nm)

' L: 5514200 nm

Thickness (nm)
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o TCNF3.30 TCNF5.10 TCNF5.30 TCNF8.30
OT @nmol NaClO/g, 30 min blending @nmol NaClO/g, 10 min blending @nmol NaClO/g, 30 min blending moI NaClO/g, 30 min blending
%O Charge: 1.10 mmol/g; Charge: 1.42 mmol/g; Charge: 1.42 mmol/g; Charge: 1.48 mmol/}g;
HO
OH

T: 1.6+£0.9 hmy,
Iy oy
3 3
._
<1 (1,1.5](15 2] (2, 2.5] (2.5,3] >3 <1 (1,15 (15,2] (2,25] (25,3 >3 <1 (1,15 (15,2 (2,25] (25,3 >3 <1 (1,1.5](15,2](2, 2.5](2.5, 3](3,3.5] >3.5
Thickness (nm) Thickness (nm) Thickness (nm) Thickness (nm)
L: 551+200 nm L: 486+x174 nm L: 530145 nm L: 486206 nm 14

n=30 n=30 n=30 n=30
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PC-CNF0.5-0.5H PC-CNFO0.5-9H PC-CNF0.5-12H PC-CNF0.75-6H
| HO 3.08 mmol NalO4/g; 3.08 mmol NalO,/g; 3.08 mmol NalQ,/g; 4.62 mmol NalO,/g;
o] 6.16 mmol NaClO,/g 6.16 mmol NaClO,/g 6.16 mmol NaClO,/g 6.16 mmol NaClO,/g
30 min blending 30 min blending 30 min blending 30 min blending
© 4 Charge: 0.72 mmol/g; Charge: 0.82 mmol/g; Charge: 0.91 mmol/g; Charge: 1.04 mmol/g;
Yield : 49.3 % Yield : 78.0 % Yield : 92.8 % Yield : 99+ %

'

[ :‘( , o

| e

50%

T:2.1+0.9

40% T:2.740.9 nm . T: 2.5+1.2 nm T:2.4+1.1 nm 0
> n=37 > 40% n=52 > n=30 5 4% nm n=30
g 30% Toundie:7-0£1.7 nm S 30% | Tohungie: 3.8£0.6 nm S Toundie: 4.2¢1.4 nm S 30%
- = =] i 3
8 n=14 o n=8 o n=9 o
2 20% L 20% 2 2 20%
°\° < 3 3
10% = 0% = = 10%
0% 0% 0%
<1 (1,1.5](1.52] (2,251 (2.53] >3 <1 (1,1.5] (1.5,21 (2,2.5] (2.5,3] >3 <1 (1,1.5] (1.5,2] (2,2.5] (2.5,3] >3 <1 (1,1.5] (1.5,2] (2,2.5] (2.5,3] >3
Thickness (nm) Thickness (nm) Thickness (nm) Thickness (nm)
L: 452+162 nm L: 533+275 nm L: 381+150 nm L: 344+170 nm 15
n=30 n=30 n=30 n=30
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SCNF1_30 SCNF1_25 45 SCNF1.5_60_5 SCNF1.5_60
Q8 1 mmol/g HSO;Cl & 30 min, 1.25 mmol/g HSO,CI & 45 min, 1.5 mmol/g HSO3CI, 60 min, 1.5 mmol/g HSO3Cl, 60 min,
HO :
OH

: + T: 1.5+£0.5 nm %

0% T: 1.5__0.4 nm 0% . _ 60%

Z n=250 > n=100 G 50%

S 30% S 30% S 40%

S 20% S 20% g 30%

o SER i AU o 20%
o\° °\° o

10% 10% 10%

0%

0% 0% <1 (1,15] (152] (2,25] (2.5,3]
<1 (1,1.5](15,2](2,2.5](2.5, 3] >3 <1 (1,1.5)(15, 2](2, 2.5](2.5,3] >3 <1 (1,1.5](1.5,2](2,25]1(2.5,3] >3 = P e e "
Thickness (nm) Thickness (nm) Thickness (nm) Thickness (nm)
L: 690+330 nm L: 580+290 nm L: 501£295 nm L: 365194 nm 16

n=166 n=175 n=100 n=100
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* Reducing and replacing animal testing with ATS.

* ATS developed for safety assessment

% « Simulated oral exposure: gastrointestinal model

ﬁ » Simulated inhalation exposure: alveolar lung model

Mode(s)-of- Gut cell co-culture Cell death, inflammation,
. . action model oxidative stress
* Dermal exposure: dermal and epidermal cells
Structural Gut cell co-culture Cellular morphology,
endpoints model barrier resistance

Gut cell co-culture

' P . : Molecular del
\’ » Environmental toxicity: zebrafish pathways mode RNA-seq analyses
d Zebrafish model
Coagulated eggs; somite
Developrpental Zebrafish model formation; detached tail;
endpoints heartbeat

17
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SIMULATED LYSOSOMAL DIGESTION

A
v

/‘ ( (" /‘_ _\‘;
Simulated Lysosomal Physical and Chemical ‘ < Mouth:
Digestion Characterization J Simulated Saliva
J J
SIMULATED GASTROINTESTINAL DIGESTION
's s
Standa.rdized. Sample Ga:::);‘r::et:::nal _| Physical and Chemical
Dispersion Digestion . Characterization
y Cellulose]Digestate y Stomach:
IN VITRO TOXICITY ASSESSMENT Simulated Gastric Fluid
Cellular Toxicity and Gl
Barrier Impairment K
) Small Intestine:
Oxidative Stress and Simulated Sm. Int. Fluid
- Pro-inflammatory
Markers
Nanocelluloses
HT29-MTX
Apical A = &@ Goblet cell (H)
Compartment Caco-2 Enterocyte
. . (C(E))
EFSA (2018). Guidance on risk assessment of the Transwell
application of nanoscience and nanotechnologies in the Membrane > Caco-2 Microfold

food and feed chain: Part 1, human and animal health.

EFSA Journal. Basolateral @G @0 @ cell (C(M))
Ede et al. (2020). Physical, chemical and toxicological asolatera o\

characterization of sulfated cellulose nanocrystals for Compartment Raji B cell (R)
food-related applications using in vivo and in vitro SIDE VIEW OF WELL PLATE 18

strategies. Toxicology Research 9(6):808.
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Baylor University

* Experiment:

1. The barrier integrity was measured by using transepithelial/endothelial resistance (TEER).

2. Caco-2 and HT29 co-cultures were exposed for 4 h.

3. Decreased resistance is an indication of
decreased barrier integrity.

2 4 6 8
Time post-exposure (davs)

500
400
i Ng 300
- UT e}
i
ve 5 200-
= PC L
100
0
500
Exo - 400
= UT NEU 300
- 1% SCNF1_30 &

= 1%SCNF125.45
~+ 1% SCNF1.5_60_5 L
= 1% SCNF1.5_60_30

2 4 6 8
Time post-exposure (days)

2 4 6 8
Time post-exposure (days)

Exp

- UT

%= 0.6% TCNF3.30
- (060% TCNF5.30
—+ 0.6% TCNF8.30
-+ 0.4% TCNF5.10
= 2% CNF

Exp

- UT

- 6% PCCNF05 05
% (06%PCCNF05 9
-~ 0.6% PCCNF0.5_12
= 0.6% PCCNF0.75_6

2 4 6 8
Time post-exposure (days)

19
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Baylor University

* Experiment:

1. The barrier integrity was measured by using transepithelial/endothelial resistance (TEER).

2. Caco-2 and HT29 co-cultures were exposed for 4 h.

3. Decreased resistance is an indication of
decreased barrier integrity.

e Conclusion:

1. The positive control reduced the most
resistance.

2. SCNF1_30, TCNF3.30, TCNF8.30,
PCCNFO0.5_9 had significantly lower
TEER over 8 days post-exposure as
compared to UT. However, they were
not significantly different from the VC.

Treatment

VCH
PCH —.—
2% CNF A

1% SCNF1_30-
1% SCNF1.25_451
1% SCNF15_60_51

¢

1 oo(\_/i/

1% SCNF1.5_60_30+
0.6% TCNF3.30 1
0.4% TCNF3.10 1
0.60% TCNF5.30 -
0.6% TCNF8.30 -
0.6% PCCNF0.5_0.5
0.6% PCCNF0.2_9-
0.6% PCCNFO0.5_12+
0.6% PCCNFO.75_6 1

-a0 -25
Estimate with Confidence Interval
» Intervals that overlap with each other are not significantly different.

0o 2 4 6 8
Time post-exposure (days)

t

{

t

ot ol

¢

25

 Intervals that overlap with UT interval (gray region around dotted line) are not significantly different.

Exp

- UT
= VC

D = pC

20
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* Questions:

1. Does cellulose type affect response?

2. Does concentration have effects on response within the same cellulose type?

* Experiment:

1. Gl tri-culture model (Caco-2, Raji B and HT29) was exposed to different cellulose types at various concentrations
for 15 min or 4 h.

2. Endpoints:
* Cell death — LDH assay
* Inflammation - Interleukin 6 (IL-6)

» Oxidative stress - Glutathione Reductase (GR) activity

21
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Baylor University

* Method:

1. Estimated means with confidence intervals of LDH activity vs. various cellulose treatments.

2. All measurements were normalized to LDH standard.

e Conclusion:

1. At 15 min and 4 h exposure, TritonX (positive
control) triggered significantly higher cell death as
compared to all other groups.

2. No cellulose treatment induced significant cell
death when compared to untreated cells (UT) at
15 min and 4 h.

Treatment

4 h
UT{ +e UT{ +#
| TritonX - | TritonX - ——
TCNF8.301{ * &~ TCNF8.304{ =
TCNF5.301{ . TCNF5.301{ - =+
TCNF5.101{ & TCNF5.10{ = —e—
TCNF3.301{ - TCNF3.304 - =
SGF (VC){ . - SGF (VC){ -+
SCNF1 301 £ SCNF1 301 =
SCNF15_60_51 ™ ® SCNF15_60 51 ®
SCNF1.5 60 301 "~ SCNF1.5 60 301 ®
SCNF125 451 “+#~ SCNF1.25 454 * r#
PCCNF0.7561 PCCNF0.7561 »
PCCNF0597 ' PCCNF0591 '»
PCCNF0.5-12{ - PCCNF05-12{ =
PCCNF0.505{ PCCNF0.5-0.5]
CNF{ "= CNF{ “»
0 0 20 40 60

Estimate with Confidence Interval

Estimate with Confidence Interval

Intervals that overlap with each other are not significantly different.

22
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15 min 4 h
* Method: 5 &
1. Estimated slopes with confidence intervals of LDH activity vs. various s 104 10 Exp
: 5 -+ PCCNF0.50.5
treatment concentrations. < - B rooNMLe 1
Z > == 2 - PCCNF0.5-9
2. All measurements were normalized to LDH standard. 1 : B PCONFO.756
a0 = 0
e Conclusion: - 0 1 0 1
15 min 4 h Concentration (%) Concentration (%)
1. All treatment concentrations | itonx] Titorx{ - o - o
TCNF8.30{  +—#— TCNF8.30{ +—#— ks
had no effect on cell death oNFE 0. oNFE 0. 310 0 v
i i ] ] S T 1 -+ SCNF1.25_45
except TritonX at 15 min. TCNF5.10 H TCNF5.10 il § T 2 -+ SCNF1.5 60 30
TCNF3.30 1 - TCNF3.307 +—%— % 5 + 5 - SCNF1.5 60 5
" SCNF1_301 =% " SCNF1_309 e~ < B SCNF1_30
= = fa) *+ T
£ SCNF15_60_57 e £ SCNF15_60 51 —%— o 0 F E 0
S SCNF15 60 301 +* S SCNF15 60 301 *# | |
= = 0 1 0 1
SCNF1.25_457 i SCNF1.25_457 e Concentration (%) Concentration (%)
PCCNF0.75-61 % PCCNF0.7561 —%— 15 15
PCCNF0.59{ +—e— PCCNF0.59{ —#— g
PCCNF0.5-121 =¥ PCCNF0.5-121 —#— § 10 10 EXP
PCCNF0.5-05] %~ PCCNF0.5-051 —#%— g - TCNF3.30
CNF{ = CNF{ = z . - - TCNF5.10
[ 0 B I SN = - TCNF5.30
10 0 10 20 30 40 5 10 0 10 20 30 40 50 < - TCNF8.30
Estimate with Confidence Interv Estimate with Confidence Interval & . .
* Intervals that overlap with each other are not significantly different.
0 1 0 1 23

* Intervals that contain 0 are not significantly different from control group. Concentration (%) Concentration (%)
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* Method:

1. Estimated means with confidence intervals of IL-6 (interleukin 6) vs. various cellulose treatments.

Baylor University

) 15 min 4 h
2. All measurements were normalized to untreated cells (UT).
TCNF8.30 1 —— TCNF8.30 1 ——
C | . TCMNF5.30 1 —l— TCNF5.30 1 A
. i
onclusion. TCNF5.101 _— TCNF5.101 ——
. TCNF3.30+ —— TCNF3.301 ——
1. At 15 min exposure, SCNF1_30, PCCNFO0.5-12,
SGF (VC)- — SGF (VC)A —a—
PCCNFO0.5-0.5 and CNF decreased IL-6. [ SCNF1 300 —e— [ SCNF1_30- ——
E SCNF1.5_60_51 A EI SCNF1.5_60_51 i
S SCNF15_60_301 —e— ® SCNF15_60_301 .
2. At 4 h exposure, all the TCNFs, SCNF1_30, and = - - = -
i — ) SCNF1.25_45- — SCNF1.25 45+ ——
PCCNFO0.5-0.5 reduced IL-6 while SCNF1.5 60 _5 slightly pCCNFO756] e BCCNFO75.6. L
increased IL-6. PCCNF0.5-9 —— PCCNF0.5-91 —em
PCCNF0.5-12 1 — PCCNF0.5-121 i
PCCNFO0.5-0.54 — PCCNF0.5-0.51 -
3. None of the treatments were significantly different CNF —— CNF .
compared to the vehicle control. 0 1' 0 1'

Estimate with Confidence Interval

» Intervals that overlap with each other are not significantly different.

Estimate with Confidence Interval

* Intervals that contain 1 are not significantly different from control group (UT).
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Baylor University

* Method:
1. Estimated means with confidence intervals of IL-6 (interleukin 6) vs. various

cellulose treatments.

2. All measurements were normalized to untreated cells (UT).

e Conclusion:

1. All treatment concentrations

had no effect on IL-6 except
TCNF5.10 at 4 h.

Treatment

15 min
TCNF8.30 1 ——
TCNF5.30 1 i
TCNF5.101 e
TCNF3.30 1 ——
SCNF1_30+4 =
SCNF1.5 60 5 ——
SCMNF1.5_60_301 ——
SCNF1.25_451 .
PCCNF0.75-61 —_
PCCNF0.5-91 ——
PCCNF0.5-12+ —_—
PCCNF0.5-0.51 ——
CNF A HiH

Estimate with Confidence Interve

2

40 1

Treatment

4 h
TCNF8.30- ——
TCNF5.30+ ——
TCNF5.10{ %
TCNF3.30- —a—
SCNF1_30- —e—
SCNF1.5_60_5- ———
SCNF1.5_60_30- ———
SCNF1.25_45- ——
PCCNF0.75-6 1 ——
PCCNF0.5-9- —_—
PCCNF0.5-12 ———
PCCNF0.5-0.51 ——
CNF- e

2

Estimate with Confidence Interval

40 1

* Intervals that overlap with each other are not significantly different.

15 min 4 h

— 2 7
pel
[o}]
N
©
£
Z
£ - ® @
S| N '
=

0

0 1 1
Concentration (%) Concentration (%)

— 2 h
o
[ih]
N
@
£
o
Z
=1 =
=
o
<
[(s]
=

0 " .

0 1 1
Concentration (%) Concentration (%)

— 2 7
pel
[o}]
N
©
£
o
<
£ 11
=
k7]
<
w
=

0

0
* Intervals that contain 0 are not significantly different from control group (UT).

1
Concentration (%)

Concentration (%)

1

EXP

-+ PCCNF0.5-05
- PCCNF0.5-12
-+ PCCNF0.5-9

- PCCNF0.75-6

EXP

-+ SCNF1.25 45
- SCNF1.5_60_30
-+ SCNF15_60_5
- SCNF1_30

EXP

- TCNF3.30
-+ TCNF5.10
- TCNF5.30
- TCNF8.30

25
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Baylor University

* Method:

1. GR activity was measured for the various cellulose treatments.

2. All measurements were normalized to untreated cells (UT).

e Conclusion:

1. At 15 min and 4 h exposure, TritonX (positive control)
significantly inhibited the GR activity as compared to all other
groups.

2. At 15 min exposure, TCNF8.30, SCNF1_30 and 1.25 45
induced higher GR activity.

3. At 4 h exposure, all four TCNF and SCNF1.25 45 reduced
GR activity.

4. At 4 h exposure, SCNF1.5 60 _5and 1.5 60_30 elevated
GR activity as compared to UT but not significantly different
from vehicle control.

15 min 4 h
| TritonX TritonX -
| TCNF8.301 —e— TCNF8.30- -
TCNF5.301 — TCNF5.301 o
TCNF5.10 » TCNF5.10- .
TCNF3.301 — TCNF3.301 e
SGF (V)1 o SGF (VC) o
= SCNF1 30 - = SCNF1_30- ——
£ scnF15.60 5 .- E[scNF15 60 5 ——
£ SCNF1.5_60_30- e ElsenF1s 60 301 —e—
[ SCNF125 451 . [ SCNF1.25 45- —
PCCNF0.75-61 - PCCNF0 75-61 ———
PCCNF0.5.9 —— PCCNF0.5.9- ——
PCCNF0.5-121 —— PCCNF0.5.121 ———
PCCNF0.5-0 51 —— PCCNF0 5.0 51 ——
CNF- F CNF o
0 1 0 1

Estimate with Confidence Interva

* Intervals that overlap with each other are not significantly different.

Estimate with Confidence Interval

» Intervals that contain 1 are not significantly different from control group (UT). 26
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15 min 4 h
* Method: ) N
1. GR activity was measured for the various cellulose treatments. s = EXP
s ! “+ PCCNF0.5.0.5
. =1 1 d - PCCNF05-12
2. All measurements were normalized to untreated cells (UT). E - e
< = .
%
» Conclusion: 15 min 4h % % 1
Concentration (%) Concentration (%)
1. At 15 min exposure, all Ll I Ton] — , .
TCNF8.30- —— TCNF8.30{ ——e—— =
treatment concentrations had TCNF5.30 —a— TCNF530] N i 1 .
no effect on cell death except TCNF5.10+ ——— TCNF5.101 . E y - SCNF125_45
_ P TCNF3.30 1 —— TCNF330] ——— =1 11 : gg:gg—gg—go
Triton and SCNF1_30. . |_ScNF1_30 —e—s o L SCNF1 307 —e— 3 Q = SCNF1_30
£ SCNF15.60 51 —c— £ SCNF15_60 51 —— @ “ |
2. At 4 h exposure, GR activity £ SCNF1.5_60_30 e £ SCNF1.5 60 301 - 0 — 1y :
decreased aS CG”UIOSG SCNF1.25_457 ™ SCNF.25 451 ’ Concentration (%) 1 ’ Concentration (%) 1
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Re-use/
Raw Product HiE WS Product Use Disposal

Material Manufacture Application Recycling

1. Identify and Characterize Potential Hazards
2. Assess Exposure Potential and Risk
3. Prioritize Data Gaps
4. Address Data Gaps (E.g., Toxicity Studies)

Output: Safety Demonstration
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1. Synthesis of CNs with selected functionalized groups

* All materials have been successfully synthesized.

2. Generate standardized safety methods and data sets
« TEER, LDH, IL-6 and GR.

3. Build ‘Safer-by-Design’ Toolbox for next generation CN materials
* Targeting 2023 for Toolbox rollout.

4. Future steps

 Apply toolbox to select safe form of CNs in food packaging applications.

 Additional toxicological assays and physiochemical characterization to further
develop the toolbox.
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