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Biotic and Biomimetic Degradation of CNTs
- Our Scope for the Voluntary Lifecycle Management of CNTs in Production, Use and Waste

B# (Objectives)

1.
2.
3.
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Essential Knowledge for Entire Lifecycle Management of CNT

REACHY>TSCARR EDEFMBEEERPRIEMBIRZRIBER T/ MHEERICTERT S

Crucial for Advocative Registration of the CNTs for the Chemical Substances Management System as REACH and TSCA
FiEOER - FHllEZRELRT D

Standardization of the methodology and evaluation of CNT degradation

BIZE (Summary of Our Task)

1.
2.
3.
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SGCNT is Biodegraded by Immune Cells such as Macrophage in Lung, by Kupffer Cell in Liver.

SGCNT(ITHIRDIERRFARITAHRTES

SGCNT is Degraded by Commercial Bleaching
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In Search of the Soil Microbe (Bacteria) which capable of degrade CNTs.
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Joint Researches in regulatory science area for Establishing ZEON’s Voluntary Management System
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/ \ Inhalation Toxicity (OECD/WPMN Sponsorship Program)
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Long-term Inhalation Toxicity at GLP Testing Laboratory
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Carcinogenic Toxicity by Intra-Pulmonary Injection of CNTs
2 — ~ Prof. H. Tsuda, MD. (Toxicologist) @ Nagoya City Univ.
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Mutagenicity test using Mammalian Cells by GLP Testing Laboratory
. “ SEMSEREEEES = p: . .
H—iR>FI)F1—2 > &G EER | Biodegradation by Activated Sludge

*EA*Z*SWHWMﬁ (TACC) Chemicals Evaluations and Research Institute, Japan (CERI)
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Team of Application for Carbon > E,ﬁﬁﬁ*?)ﬂ’#ﬁﬁ . .
Nanotubes Composite Biodegradation and Chemical Degradation of CNTs

(AIST, ZEON C S M. Zhang, PhD. @ CNT Application Research Center, AIST
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Environmental degradation of CNTs
Prof. K. Hori, PhD. @ Nagoya Univ. + Friend Microbes Inc.,
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Clearance of SGCNT from Lung Monitored by Near-IR Absorption

Clearance of single-wall carbon nanotubes from the mouse lung: a quantitative evaluation By
Minfang Zhang, et. al., Nanoscale Adv., 2020, 2, 1551

BICE1 BCNTROEL
o b Lung QO

CNTZ (%/dose)

; / 4+
: ‘ Al 2r * %
I s 4 : A — . G g % o
Fig.1 Characteristics of large-diameter carbon nanotubes (Ld-CNTs) * ‘F
and small-diameter carbon nanotubes (Sd-CNTs). Transmission 0 =
DI D3 D7

electron microscopy (TEM) images of Ld-CNTs (a). Sd-CNTs (b). and D30 D60
dispersions of Ld-CNTs (c) and Sd-CNTs (d) in BSA

Ld-CNTs= XA BDH—R>F ) F1—T 5% 0OZARME
Sd-CNTs=/MEZDH—R>F ) F1—T

SrEilila(C K S SGCNTDE D fFSEEL ik

Biodegradation of Super Growth CNT by Immune Cells

Minfang Zhang, et al., International Journal of Nanomedicine 2019:14 2797-2807
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Degradation of SG-CNTs in RAW 264.7 macrophages.

35 [A) DIC images of control RAW 264.7 cells incubated with SGCNTs for
24 h (Day 0), and images taken on Day 1 and Day 7, obtained by
30 = ;
~—~——_ confocal microscopy. CNTs appear as black spots.
25 u '\. [B) The intracellular SGCNT levels in RAW 264.7 cells at the indicated

time points were estimated from the optical absorbance of the cell
lysate at 750 nm. Data represent the percentages of SGCNTs
relative to the starting concentration (Day 0) and are expressed as
the mean * SD of three independent replicates. The insets show
the cell lysates at Day 0 and Day 7.

[C) Microscopy Raman mapping images of G-band intensities of
SGCNTs in RAW 264.7 cells fixed with glutaraldehyde at Day 0 and

Day0 Day1 Day4  Day7 Day 7 (right), along with the corresponding microscopy images

(left).

. . . cep (D) The ratio of G-band and D-band intensities for cell lysates
https://www.aist.go.jp/aist_j/press_release/pr2017/pr20170912/pr20170912.html obtained at each time point.
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Phagocytosis and Degradation of Foreign Matter by Phagocytic Cells
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Phagocytosis:Take in a Foreign Matter 3
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PM2.5 and PM10 comparing with macrophage (35p)
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CNT Degradation by ClO- is “Biomimetic”

CNTILEGREEIRHERD HEDIERERFZOHTES

hTERFE=NIC LY (EERMEERZRICERIESE NS s g
CNT could survive evenin Possible to degrade with few a2 A esmas
conc. H,SO, and HNO, drops of Chlorine Bleach—CO, - -

C + 2NacClO - CO, + 2Nacl
(C+2ClO~ - CO,+2CI)
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CNT degradation by immune cell is effectively accelerated by addition of small
amount of NaCl Kotchey et al., Adv. Drug Delivery Rev. 65, 1291(2013)
AEDIESTIEEX0.9%. @KD1/3~1/4

NaCl content of human body is 0.9% , 1/3~1/4 of seawater

C (CNT as foreign material)
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Super Oxide Peroxy Hydrogen Hypochlorite
Anion Radical Anion Peroxide
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u w NOZ / . Reactive Oxygen Species (ROS)
NADPH Oxidase 0=NOO— Myeloperoxidase in immunokinetic process
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Peroxynitrite Hydroxyl Radical
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Chemical Degradation of CNTs using Commercially Available Bleaching

2019/02/04 AIST Press Release

https://www.aist.go.jp/aist_j/press _release/pr2019/pr20190204/pr20190204.html
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M. Zhang, et al., ACS Appl. Nano Mater 2019 2,7, 4293 4301
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Quick Summary for the Risk Management of SGCNT

& SGCNTIIELAMEI(CHFEETNTULEEA (ARC)

SGCNT is not carcinogenic.

¢ SGCNT(IHAFHRICERRMEZRUTEA (GLPESHRERFIICEST)
SGCNT is not mutagenic to a mammalian cell.

¢ SGCNT(CHTESEIBHSNTNEEA (OECD)

SGCNT is not reproductive toxicity.

¢ SGCNT(IZDERIETEH DI EA

SGCNT is not persistent.

» SGCNTICEIEFTIRETDENRIE>SH DI EA. UbU.

SGCNT is not biodegradable when using the active sludge method of OECD test guideline, however,

SGCNT(IHEMI P E M DELLEES R, SREMlaZRAVCENNRSETOHRTEXT

SGCNT is degraded by the biotic method of using immune cells and enzyme.

» SGCNTZ DRI D TIEMEN (J\UFVUT7) HFEELET

SGCNT could be degraded by soil microbe (bacteria) .

» SGCNTIXEMHIRMEVRSETH B HRDIERRFEFICEIDINBETRETEET

SGCNT is degraded by the biomimetic method using commercially available bleach.
# SGCNT(IEMAFEREEIHDEEA (OECD)

SGCNT is not bioaccumulative.

ZEON LR M ey ) R i

http://www.zeon.co.jp 044-276-3891




