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+ Polyethylene microplastics induced nitric
oxide and generated reactive oxygen spe-
ciesin cell lines independently of size.
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proinflammatory cytokines production at
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Polystyrene (PS) |

1) PS cleaning method 2) Polystyrene synthesis

E‘ Chiller
1

Impinger m

Condenser

.
by
<

& O|M|IZ2tAE] polypropylene (PP), Polystyrene (PS), Polyvinyl chloride (PVC)

b

I | Polyvinyl chloride (PVC) |

Probe Sonicator

Power Level
Control

Distribution Results (Contin)
Heating mandle Strer — 1er o o i 1
Initiator: PPS 10 M "l'* Dk Toy) 5":10: Pc;* Diamet
Stabilizer (Surfactant): SDS 2.2 M 2 00 M 2
Monomer: Styrene 3 M 5 i by 2
Solvent: H,0 i O e 2
Temperature: 70 °C 4 s P .
Average %27 8.0 Average

Polypropylene (PP)

& 1 N
o8l &

Diluted PP solution Dissolve the ppin Centrifuge
thanol
P-Xylene: 300 ml Sl

Polypropylene bead: 100 mg

Working: 3900 rpm
Time: 15 m

Distribution Results (Marquardt)

E:: 2:‘50 C G Distribution Results (Marquardt) Intensity Distribution
Intensity Distribution Peak Diameter (nm) Std. Dev.
I 4 {\ Peak Diameter (hm) ~Std. Dev 1 57.2
<> 1 35.7 2 1550.6 03
\W’ 4 y; 2 3,069.2 438.3 3 2,027.2 176.5
Centrifuge <j 3 5,082.2 705.9 4 0.0 0.0
Dissolve teppinwater  Working: 3900 rpm Amicon tube 4 B4219 2,040 5 0.0 0.0
Time: 30 m Change from ethanol to water 5 40,841.7  7,189.5 Average 274.3 474.0
Repest 3 times Average 19,4163 19,412.0
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A549 cell MH-S cell A549 cell MH-S cell
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100 "

g B
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ell viability (% of control)

2

DH release (% of control)

=
PS (mg/ml) - 025 05 PS (mg/ml) - 025 05 1

«

= 0
PPagm) - 1 2 4 PPmga - 1 2 4

AS49 ccll MU ccll

38

A549 cell MH-S cell

H

g
2

g
g

z

DH release (% of control)
DII release (% of control)

2

g

PRGP) = L LR PP(mgml) - 1 x4

2

DH release (% of control)

= B

EYC(mg/ml), .~ 025 05 A PVC(mg/ml) - 025 05 1
AS49 cell MH-S cell

H

ROS level (% of control)
ROS level (% of control)
gy

g
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e

0 0
PP (ug/ml) - I PP(mgml) - 1 2 4
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PG

7]—*

* Macrophage <
* Lipid—laden macrophage *

o JL—6 sx%x

e Inflammatory cell infiltration**
* Eosinophilic cell infiltration#*
* Granulomatous infla

* Alveolar macrophage PG

* Fibrosis, necrosis
*  Mucous hyperplasia

Transcriptomtnalysis

- TNC, CD226—related lung
diseases

Target : TNC, STAT3, SOCS3, Smad2/3, collagenl, TGF-beta, SMAD2, IL-6
CD226, DLG1, SLP76, NFAT2
CD115, CD112, cyclinD, Nectin3, Src/FAK, VEGF

VEA

Neutrophil &7} *

Lipid—laden macrophage *#*

s#% KCGRO ##x, IL—10 #%%*,
L MIP—1a xx

. atory cell infiltration*

* Eosinophilic cell infiltration#*

e Granulomatous inflammation*

¢ Alveolar macrophage aggregations*

« Mucous hyperplasia

Transcriptomi*alysis

- mitochondria related lung
diseases

PG & VEA £ 0|0 A EVALI At
24T GASHAA B

Target : Ahr, NF-kB (cyto-nucleous)
Target : ERK, MSR1, B-catenin, NLRP3, caspase-1, IL-1beta, cyp2f:

I
oA} oIE B
L eI SR UE P SSEAEA SA22H)
- =2 =11 (AJRCCM, JCR AS] 2.3%) iamus.
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+ Bleomycin-induced lung fibrosis model

+ PHMG-induced lung fibrosis model

+ Ovalbumin (OVA)-induced asthma model

+ Ovalbumin (OVA) and LPS-induced severe asthma model
« Aspergillus fumigatus-induced severe asthma model
* House dust mite-induced severe asthma model

«+ Cigarette smoke-induced COPD model

+ PPE-induced COPD model

+ PPE+CS-induced COPD model

+ PPE+LPS-induced COPD model

+ Cigarette smoke-induced neutrophilia model

«+ Diesel particle-induced lung injury model

« Disease evaluation and diagnosis technique using UHS ELISA
 LPS-induced lung injury model

+ LPS+CS-induced lung injury model

+ Monocrotaline-induced pulmonary hypertension model

+ Pulmonary function tests

* Animal behaviour tests

* Mechanism study using DNA chips technology

« Lung cancer model

+ Paraquat-induced lung fibrosis model

+ Development of nonhuman primate disease models

« Lung burden (Biopersistence) analysis

In Vivo
evaluation
model

« Air-liquid Interface (ALI) Exposure System

* Invitro PHMG  injury model

« Invitro cigarette smoke injury model

* Invitro exposure dose evaluation technique

« Biomarker evaluation technique using luminex

evaluation
model

+ Noninvasive technique-CT

* K-ras mouse model-imaging evaluation

«+ Bleomycin-induced lung fibrosis model-imaging evaluation

+ Plumonary alveolus scanning using high resolution micro-CT
« nonhuman primate disease models-imaging evaluation

« Lung cancer model-imaging evaluation

« Invivo imaging technique (nature methods)

Imaging
software
evaluation

« Solitary pulmonary
algorithm in image processing
« Lung/broncial segmentation algorithm in image processing

yvascular

Asthma

39 models

Mainly 3 Respiratory Disease
Severe Asthma

Pulmonary Fibrosis

- COPD

| | | | | |
Fibrosis

World’s best technology
“Intratracheal instillation”

U/ 5

Vit
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Korea Institute of Toxicology

SeEE Lr2E, oftEE LIk 2 StotEd, L 23 soeled S ofdY S5
ANgtdE2 | My oY sieEd 9%F, &Y x| O|%E, &, AU Oy A 245 &
YY-E, AT & JIE |APE, ULIISHLUE &
o XA A RHH| MESHR| ¥ XHH| MR RS
A XM &
e (8% % 25 2 | (8% % 25 2WIiB)
&
Kn' bl il i
i, e Korea nsttuteof Tonkology
2 SU=M Ad37|a 53
H H—7 O - - OO
SR MM
78 MorHE AT G LR RN oS (CL) saeEae
=) X 7,204 m? (% 2,200%) | HH: 3967 m? (% 1,200%) BiH: 7,009 m?
obd 6 sets/24 chamber - =
Otg4d/ | 4 sets/20 chambers . 5
ijl oty 2 sets/8 chambers 1 suite (4 chambers) 1 set (4 chamber) 3:‘%/%0}3‘8/'1“3
7| NEL 1 set/4 chambers
= Y/t | 1 set/4 chambers
~INEEE] ,
# | u| ot 2 suites (5 chambers) 1 set (4 chamber) /042 /0 Ak
M =) x=
HE| T 34 2 suites (2 chambers) - e
il S i -3 L
g | 71=WER |- ANes+¥ts R -
2 generators
CHIH oY ~ - .
7| 2 suites (4 chambers)
MELE - 1 suite . :
F7toAHEY Ol HAXFH | -2d: of 3d~6HT Y KITQE A -
SEH|8" O[3t Of AALE: -Otad(28%): %193H
(BYSY) ClanEs, 1855, 3t ~19{5H 0t 2
-0[2k902): 2k9f5H~59 @
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Ap A H=Ed P53 7.009m
< 8%/ TY1 > -Z-E_I' - AL B2
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<H 2> AHOHM HAANJM ZUSHAUB A3Z
T B =Y g oEn (BuM U AlfER)
o 2019. F344 SHEE 0|8% 1,2-Dichlorobenzene®| 90Y(02tHY) BhHe
SUSHA
AJOIOKR] e 2019. F344 SHEE 0|88t Barium nitrate?| 28Y(0I34) HIESYUS

(B A.iAlaoq

B ” .
+ 2019. B6C3F1 OtRAE 0|8t 1,2-Dichlorobenzenel| 902 (OH2H)
H|.5:_?50|EA~IA|04

« 2019. B6C3F1 OtRAE 0|83t 1,2-Dichlorobenzene®| 28%(0t24)

-55-




AUHIADA
I EYSY 7o T AT} S

TE BY 2 o7 (2N R A=R)

SIEEASYAY
+ 2019. F344 SHEE 0|83t 1,2-Dichlorobenzene®| 28Y(0}24) =
EUSEAE
+ 2019. SD SHEE 0|83t Potassium Chloride?| 24 LSHAIH
+ 2019. SD SHEE 0|83t Sodium nitrate?] SHELSHAE
o 2018, ARUBISIERC| 87| FY HooR
* 2018. Tetrachloroethylene 2 13
*+ 2018. 1-propanol2| 54 ¥e| A7
o 2017. 34 U229 SUSYESELY AR ()
- MBIAR0|EE FHSE -
*  2017. 1-methylnaphthalene| 133 HHESSY 4
o 2017. 24 Y OHY SUSHAY YUY 74N o
o 2017. BQLE HUSES 0|8 YHAY X7 A7
+ 2016. HEE 0|83t ethyl formate FYUSY A7
o 2015. HEUSES 0|83 Lt TUEMIBIEO FASY A

Y SYSY A7 A7 H

* 2005. Effect of water-soluble metal working fluid aerosols on respiratory
system after 13 weeks of repeated inhalation exposure in
F344 rats.

* 2005. Respiratory effect of acute and subacute exposure to endotoxin-
contaminated metal working fluid (MWF) aerosols on Sprague-
Dawley rats.

* 2004. Micronudei induction by 13 week-inhalation of 1,1-dichloro-
1-fluoroethane in Spargue-Dawley rats.

* 2004. Recovery from welding-fume-exposure-induced lung fibrosis

MRAORH and pulmonary function changes in sprague dawley rats.
BHHMALl |+ 2004. Inflammatory and genotoxic responses during 30-day
(QPIERNIIE welding-fume exposure period

WS OPh |« 2003. Changes of 8-OH-dG levels in DNA and its base excision
repair activity in rat lungs after inhalation exposure to
hexavalent chromium

o 1995 BYUEZ AIHAK|Q MHX|Q} 2-Bromopropanel| SHSUSA
o

« 19%. HESES 0|8 SR8 SYZ=Z A7

+ 1997. Rat® O|8 1-Bromoprophane2| E20j 28t SHAH7

*+ 1998. Iso-butylalcohol2| EYUSH AP

*+ 1999. SD Rats® 0|88t 1-Hexene2| SUSY A7

+ 1999. Rat® 0|83t 1-Bromopropane?| S20i| oIt AZSHnt MA|
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2000.

2000.

2000.

2000.
2001.
2001.
2002.
2002.
2003.
2004.
2006.

2007.

2007.
2007.
2007.
2009.
2009.

2010.

s 9% o

SIS RO XS HIt A2 Reactive Red 195 22T =
A7t

22 3peta0| offt At Al 1,1-Dichloro-1-fluoroethane®)
B2 £0f 9 SEZUZ20] ot 2LM|E A8 o
1,1-Dichloro-1-fluoroethane| SHEE 0|28t Ofotd ZYUSH
o

Y 2lo EYUSY AP- 671 AEE FHC=E
MRS EO| offt OHIFE O|SAIAH 74

LH2H|A ZOoHSEC| S8E7t H- Bisphenol A 2T SEH7}t
&, B 083 SUSHA™

HEe20l0|co| 7|EulsHar Xeistd v E57|1F o7
1,3-Dichloro-2-propanol(DCP)2| SIS A7
C|H[EIC|dnfol|co| 90Y HIEE0 SUSHAH

SBtE R0 Fofl-EY WY e fft 24 L opokd
BUSY AE 2-2-£EHE[E(2-Butanthiol)@| SD RatE 0|8%t
ofkd ERASEAIE

L SEHO| folld B7t U 22R} AZE| ofLchd-2Li-S2
Qo BIHE Pt WHX|E 7y

F718H (FH) LEZ fYtls MESH| 2 o

2% 87|88 AlU(Thinner)?] EYSY o7

29| LE7|F 7quget 7

OHISUSHARNE 25 el o

34, 0E48Y13F), 2440 SYAE U [t (A
2% n-Octane, CAS No 111-65-9)

34, 0248139 SEAE 4 FefdB7t o=y 2
SAMEEHAE  (AEEE  Methylcydopentane, CAS No
96-37-7)
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=

sy

e

¢4 2a
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<E 3> 3 ¥ SUSYUB A7AL

T8

SY T a7 (2N X AR
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2018. Low-dose cadmium exposure exacerbates polyhexamethylene
quamidine-induced lung fibrosis in mice.

2018. Quantification of inhaled aerosol particles composed of toxic
household disinfectant using radioanalytical method.

2018. Time course of polyhexamethyleneguanidine phosphate-induced

lung inflammation and fibrosis in mice.

2017. Twenty-eight-day repeated inhalation toxicity study of

nano-sized lanthanum oxide in male sprague-dawley rats.

2016. Polyhexamethylene guanidine phosphate aerosol particles induce

pulmonary inflammatory and fibrotic responses.
2016. Pulmonary persistence of graphene nanoplatelets may disturb
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2016. Short-term manganese inhalation decreases brain dopamine
transporter levels without disrupting motor skills in rats.

2016. Subchronic inhalation toxicity study of 3R4F reference
cigarette smoke in rats.

2016. Toxicogenomic analysis of the pulmonary toxic effects of
hexanal in F344 rat.

2015. A global initiative to refine acute inhalation studies through
the use of ‘evident toxicity’ as an endpoint: Towards adoption
of the fixed concentration procedure.

2015. Evaluation of toxicity to triclesan in rats following 28 days of
exposure to aerosol inhalation.

2014. Evaluation of subchronic inhalation toxicity of methylcydopentane
in rats.

2014. Humidifier Disinfectant-associated Interstitial Lung Disease in
an Animal Model Indeuced by Polyhexamethlene Guanidine
Aerosol.

2014. Inhalation of Carbon Black Nanoparticles Aggravate Pulmonary
Inflammation in Mice.

2014. Polyhexamethylene guanidine phosphate induces severe lung
inflammation, fibrosis, and thymic atrophy.

2013. Pumonary toxicity screening of triclosan in rats after intratracheal
instillation.

2012. Nasal and Pulmonary Toxicity of Titanium Dioxide Nanoparticles
in Rats.

2011. Biological Toxicity and Inflammatory Response of Semi-Single-Walled
Carbon Nanotubes.

2010. An automatic video instillator for intratracheal instillation in
the rat.

2010. LC50 Determination of tert-Butyl Acetate using a Nose Only
Inhalation Exposure in Rats.

2009. Recurrent exposure to welding fumes induces insufficient recovery
from inflammation.

2008. Pulmonary Toxicity and Recovery from Inhalation of Manual
Metal Arc Stainless Steel Welding Fumes in Rats.

2011. Anti-inflammatory and anti-asthmatic effects of
12-dehydrogingerdione, a contstituent of Zingiber Officinale,
in murine model of ovalumin(OVA)-induced asthma
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2011.

2011

2010.
2010.
2009.
2009.

2009.
2009.
2009.
2009.
2009.
2009.
2009.
2009.
2009.

2009.
2009.

CiEioI7|8 0|28t COPD 2 EUMUA(13F HIEEYULE)

.in vitro EYUSEE717|E ZE(TO2, Ag, Fe304,

nano-particles)

MCP BHE(13F) HAgYLE o7

1-MCP T 9l HHE(13F) IR EYLEAT

Inhalation toxicity of nano-sezed Tio2 in rats

Repeated inhalation exposure toxicity test for 4 weeks by
using nose-only chamber system with fresh and moist air in
rats.

Study on inflammation and pulmonary fibrosis induced by
bleomycin in mice

Validation of mouse video instillator

Validation of broncho alveolar lavage method

Toxicity comparison of SWCNT by conductance in mice
Toxicity comparison by morphology and size of silver
nanoparticels

The influence of restraint inhalation chamer(nose-only) on
physiological parameter in mice

Orthotopic lung cancer mouse model using the minimally
invasive method

Assessment of acute inhalation toxicity of Tert-Butylacetate in
rat

Toluene TRIEYULE AT

BYSE 2UHY 7l & B4 Heldold &
HIRES/HEEY 37|88
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florae 2019. Derivation of occupational exposure limits for multi-walled carbon
iy nanotubes and graphene using subchronic inhalation toxicity
AR data and a multi-path particle dosimetry model.

2019. Exposure to cigarette smoke via respiratory system may induce
abnormal alterations of reproductive organs in female
diabetic rats.

2019. Persistent DNA Damage Measured by Comet Assay of Sprague
Dawley Rat Lung Cells after Five Days of Inhalation Exposure
and 1 Month Post-Exposure to Dispersed Multi-Wall Carbon
Nanotubes (MWCNTs) Generated by New MWCNT Aerosol
Generation System.

2015. Inhalation of titanium_dioxide induces endoplasmic reticulum
stress-mediated autophagy and inflammation in mice.

2015. Size-dependent clearance of gold nanopartides from lungs of
Sprague-Dawley rats after short-term inhalation exposure.

2014. In vivo genotoxicity evaluation of lung cells from Fischer 344
rats following 28 days of inhalation exposure to MWCNTs
plus 28 days and 90 days post-exposure.

2013. Gene expression profiling of kidney from sprague-Dawley rats

29 Y a7 (2N U AtkER)

following 12-week inhalation exposure to silver nanoparticles.

2012. Evaluation of newly developed nose-only inhalation exposure
chamber for nanoparticles.

2012. Persistent DNA damage measured by comet assay of Sprague
Dawley rat lung cells after five days of inhalation exposure and
1 month post-exposure to dispersed multi-wall carbon nanotubes
(MWCNTs) generated by new MWCNT aerosol generation system.

2011. Acute inhalation toxicity of silver nanoparticles.

2011. Subchronic inhalation toxicity of gold nanoparticles.

2011. In vivo Genotoxicity of Silver Nanoparticles after 90-day Silver
Nanoparticle Inhalation Exposure.

—-  SPF-F344 BiCE 0|28} SKYRIO1125(PHMG 25%)0| SMEU=
dA

2011. Risk Assessment of Baby Powder Exposure through Inhalation.

SEuEe
Al

2010. Acute and Subchronic Inhalation Toxicity of n-Octane in Rats.
2009. Subchronic inhalation toxicity of silver nanoparticles.
2008. Lung function changes in Sprague-Dawley rats after prolonged

inhalation exposure to silver nanoparticles.
2009-2011. 2L YXt QFHEEIL BFES}
2009. Lt S22 MSDS(E R BURLR) XY BES A7
2008-2010. Lt-2HO| =F FYYY BF3 U 58| X1TNE
2008. LI UXHE CIE= ZYPOIML| OFH/AYRIE BESL A7
2007-2008. Lt A QP4 HWIL BES
2007. SPEHER A HMBQl UMY EIHE flEt SCRH AlFE
BFS A
2007. LI 220| QHEEAIEYY e
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1989

2018.

2018.

2016.

2016.

2015.

2015.

2013.

2008.

2006.
2004.

1996.
1993.
1990.
1990.

Development of a hydrogen cyanide inhalation exposure
system and determination of the inhaled median lethal dose

in the swine model.
An inhalational swine model for the characterization of
physiological effects and toxicological profile associated with
cyanide poisoning.
Lung deposition and clearance of microparticle and
nanoparticle C60 fullerene aggretateds in B6CF1 mice and
Wistar Han rats following noses-only inhalation for 13 weeks.
Respiratory toxicity and immunotoxicity evaluations of
microparticle and nanoparticle C60 fullerene aggregates in
mice and rats following nose-only inhalation for 13 weeks.
Nicotine and carbon monoxide exposure from inhalation of
cigarillo smoke.
Comparative toxicity and carcinogenicity of soluble and
insoluble cobalt compounds
Efficacy of post exposure administration of
murine model of inhalational melioidosis.
Inhalation toxicity and lung toxicokinetics of C60 fullerene
nanoparticles and microparticles
Types and pattems of response in the larynx following inhalation.
Toxicokinetics of propylene glycol mono-t-butyl ether following
intravenous or inhalation exposure in rats and mice.
Analysis of lung tumor risks in rats exposed to radon.
Assuring quality in inhalation exposure research.
Tumorigenicity of nickel subsulfide in strain A/) mice.
Morphology of neoplastic lesions induced by 1,3-butadiene in
B6C3F1 mice.
. Neoplastic lesions induced by
(NTP report#228, 1984)

line in a

1,3-butadiene in B6C3F1 mice.
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1989.

1988.

1981.

1978.

Tumours of the respiratory tract in rats and hamsters
following chronic inhalation of engine exhaust emissions.
Inhalation Developmental Toxicology Studies: Teratology study
of Acetone in mice and rats. Final Report

Final report on a chronic inhalation toxicology study in rats

and mice exposed to formalde

e to chemical industry

inslitute of Loxicology. volume 1
Asbestos cement dust inhalation by hamsters.
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* 2016. lung carcinogenicity of inhaled multi-walled carbon nanotube in rats

* 2016. Occupational Exposure Limits of lead dimethylamine, n-butyl-
2,3-epoxypropylether, and 2-ethyl-1-hexanol and carcinogenicity
and occupational sensitizer classification

* 2011. Two-and 13-week inhalation toxicities of indium-tin oxide
and indium oxide in rats

» 2010. Report. Carcinogenicity Test of 2-Ethoxy-2-methylpropane in
Rats (Inhalation Study)

* 2010. Inhalation carcinogenicity and toxicity of 1,2-dichloropropane
u= in rats
dpo| 2 QM| 0] | » 2010. report. Summary of Inhalation Carcinogenicity Study of
A AE 2,4-Pentanedione in B6D2F1 Mice

* 2009. Two-year inhalation study of carcinogenicity and chronic
toxicity of 1,4-dioxane in male rats

* 2006. Carcinogenicity and Chronic Toxicity in Rats and Mice Bxposed by
Inhalation to 1,2-Dichloroethane for Two Years

» 2005. Garanogenicity and Chronic Toxicity in Mice and Rats Bxposed by
Inhalation to para-Dichlorobenzene for Two Years

* 2002. Carcinogenicity and Chronic Toxicity in Rats and Mice Exposed to
Chloroform by Inhalation

* 2000. Chronic Inhalation Toxicity and Carcinogenicity Studies of
3-Chloro-2-methylpropene in BDF1 Mice
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* 1982. Inhalation carcinogenicity bioassay of vinyl bromide in rats.

* 1998. Subchronic inhalation toxicity study of caprolactam (with a
4-week recovery) in the rat via whole-body exposures.

* 1998. Chronic toxicity/oncogenicity study of styrene in CD rats by

B inhalation exposure for 104 weeks

Huntingdon Life | « 1999. Chronic inhalation carcinogenicity study of commercial hexane

Science solvent in F-344 rats and B6C3F1 mice.

* 2001. Chronic toxicity/oncogenicity study of styrene in CD-1 mice
by inhalation exposure for 104 weeks

* 2003. NTP program. Center for the evaluation of risks to human
reproduction

-4
Hr

-61 -




T oresleas
2O SAUEM QT H O ALY RSN S

<H 9> WEC FIOHY a7zl
T B SY M a7En (2N R ARER)

* (2018-2020) Identification of cardnogenic potential of nanomaterials

+ 2016 4UeE A x7|EA Hete] Y2A{2| mesotheliomadiS

* 2016. New insights into lung tumour pathogenesis from
asbestos exposure analysis and molecular genetic assays.

* 2016. Molecular genetics to enhance diagnosis and treatment of
lung cancer subtypes

» 2015. International Research group investigates carbon

LIRS AOHR3) nanotube- induced genotoxicity and free radical formation
Finish Institute of | » 2009. In search of genetic markers for early detection of
Occupational Health asbestos-related lung cancer

* 2007. Genotoxicity of toluene diisocyanate and 4,4'-methylene
diphenyl diisocyanate

* 2006. Finnish Job-Exposure Matrix (FINJEM) in register-based
cancer research

* 2005. Inherited DNA repair capacity and individual responses to
occupational carcinogen exposure
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= ICCVAM (Interagency Coordinating Committee on the validation of Alternative methods),
S=AE A invitro X in silico ™2

« EPA, 20353 7}X| ZR 2 A1 X2 x|% =4

« Y Z2tE 27t /3 (Ncad) 2016, 52 AT 2025 THX| A H B =
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1260 1 p—y mg/kg FARNE HEHe .

ngl I‘:IDI- !'i_}cxv“ .hx °|‘ OTC(Over-the -Counter)product
(IS AFHE FA.
Tego 51 4 246mo/1S ¥ | g |woirsae ug

5 ey T
YULHIT

- %
> el (D) 2EESE > (M) M (FJH7|2hes

S U =0 ot Folld It 24> TS EIL dH| 15
Y

PO —— ~

gtet=Hoj st S EA X2 M4 7|8 OfA

EMD|E0l SIEIER S MR M E.E7|7H &0 o8t EA

9 wory 7S Bo0] 22 AAT of )
4
y

o ommage

-71-



Alv-uuul

X
HIEEEE

11N E 48l:H
oty -
.
HA (OF9A 1amy ME 2
- ---
opzHg
M E o
(OIX, oemy 2ME 100

/ , FH0IEY)  HE b
HM (2B HR@mLes =F SeE
(Whole-body) (Nose-only)
Z ?i;:g?-l.gmr’"

Aoy P
& Ot HACH e

-72 -



ulr
KF —_
- 0 I
._oo E._ N
<+ ° e
= © e ||t
r o
w._o o ¥ ||on W
r < W
q ol <0 @m _2m o+
= i e o
= ||~ ®
ol 20 o o ® <
”3 ol p: Bl || = zo
i || 1 i Ko || zo ur
|| zo = o ol || r o2
— = o ° ~ || gm W
o || R = 0|l
o || T ko %0 HO || foin Mm
o . oF < O = ok
oF ok il mm Al B 31
B || o ||| W |S || 1
ok Bk | = x
K| < %0 o || B 0
U o ||z || B fn~ | B RO
= | san || 2 || U &) T =
e | T@ || QTR =k
< =0 0 -, _.___—. .Al il J._u _-_I
a || ur || 2o T || m
LR ES I
o || |[[we®= ||z [N S || ow
g || || Pa|a | EM L a S
M o || || ol ||| < || 0D -
n ] - n = i ] L} &
o o - ~ o © -
b= -~ o o o o o
o 7o) © ~ ~ © N
o = o e by - N
o o o o o o o
N N N N N N N

e

ud

&

3

ArTeny:
QUHHE

100
KR
<

ni

SMA

Ol
=

fojn

of

283

> HHO|E], 55y 58

2016 | 20173 | 2018 | 2019'F | 2020 | 2021 | 2022

54

A

49

KEH|

=L

wr

oF

ud

-

Aoy
pigul- bk

10

-73-



EUSHAE WHIHHEAY)

2016 | 2017'd | 2018 | 2019'F | 2020%F | 2021'H
11 20 20 20 17 18

A 106
=4 50 4 7 10 10 9 10
oh(=)Hd 47 7 9 8 8 8 7
g 9 - 4 2 2 - 1

1q ey T
YULHIT

N AgEx L= | AsED A N
NEEE Pt = | T | e
[« — | A —
* LC50 E7HGHS &) 3|
=Pt ola| /7 =1
=% . orgy =ssE 4 wizy A IR
= NOAEL/LOAEL E7t 28 Ht5
oM = otz| /7 VI
2 ooty ezsc 8 ez sy OUEE OHE
- ENET| HOIGHS £8) 90 e .
ol B xi( ikl ~ tol,=  800r2[/H 871
s RS =5 28 (6AI?_F/E,SE/-r—
Lq Hi=E
wory . EREll wet ge el 2OEE  ugoneln ad

1) LCSOERIAS D) AR EE o T TEA EE b E 5 HESEQ| UE AUAIZ == QL= & E(Median lethal concentration)
2) NOAEL(REE RS ) : A[H S 2= 218 QAZI0| 2IEE|X| 2= %| T 555 (No Observed Adverse Effect Level)
3) LOAELEATYREEE): AIFUESEE HES 20 =EAZE ] 54 LEH = Z[A& 2 (Lowest Observed Adverse Effect Level)

i) T
UHEUFT

- 74 -




olJ
ﬂ;
oJ

age

Arpiofory
QWL

- SAXE AR

1
M
- 78l EHo|x|

S A

xpyg
HY

-E|FEIM
ME|gs.

nge ~

ARy
Ll

14

-75-



=
amm
== —hem
o:-.-.._ =
..x.._‘_ ~o L
oJ i) -
50 =z i) S
ik : g | R
e~ I ulo £ o= Kl
P K m | .mrm 3 ww“__ o 4o _Aﬂr :x__= R
T X B g = uﬁ_ 5 i
L._.AI Mo o IH jol % __m._ = ol U H A/
ooy | | 0w ® 2 o qu &I =
RU\ g ol 0 R 3 o 4 5 i
= s oy o {F
H1 Ho 1 == _|h_
| t 1l Ho 34 ulr ) a3
KF < - = 10
< - 1 - - CE ~ o3
100 o jo < O xR <k
Lisiey oI I - g X = - P
=< ~N a.u_ <0 = 0 ]l KIl
= ™~ ] m O =2 o K Ofu
%0 R = = = zoW
-1 100 @ H @0 Ka OF Al o= ol
_._._ﬁ .A_.AXO o= =L .r,._o|_._| -
O i S A= ﬂ_/o w0 < Bl of
ol g B R 20 = ~ K ok =2 of m_: =
ol s B O X = BB w o
o ._._A_w_d. < O 9 A_.r_xo“_o__ 5
H) H U - zo0 KU oH o Ko K H 4 0
4| ._wu ol KE Hr o oF MH E_ﬂ, —_ _._._.A_._ Al L_Iu_ <+
+ o 2 7 O 3 ST Mol R
; n oo D Lo iEhZiak
Bl . mom_:%ﬂg.:wmx?m___g
= i 1 31 zr od o H
<0 N 10 o = & — S m o o
IHr Ho Iwﬁﬂhru_meﬂﬂal
ur ® " u+grw7l_w%|mﬂ__ouo
o = X0 %0 ol =n ¥ Ix o' .d...Alﬂ/lM
fojn 70 B = ot Il T KO ™ 0 -y = 0
PN o il o_um._ﬂ - _.._._%nunwo_.
=1 OF & ®l o laoﬁﬁd T_Hr_so 30
Q) Ry TR of U r B =<+ B
71 KU oH = K RO 7l 0 zl oo B o & 0
g 00 oF = = Ko Il o._“m_af:;m_.@ﬂ% oF
B0 o 80 m e o Ofu M_SSW_EEAMI
S o R I 20 .r_.nria_u%PMo+M
. | = Ko o w..xotLA.L._HWAHov
o ¥ < o © © E.o_nwo_nw
. . o ® 0 6 © Bl
® ®

-76-




e

ud

&

ARy
HHHF

18

e
(%]
i m
Hr | =
Kl ©
| S
Ohu bq
== uo X0 <
(3 =5
"l E
~ S
_.._ll\ kfo R — _DI.;
- 8 3| o q._A._. =
© ~
O
<C
0 <
< F ;| lw

A2l 24

ol R

DBEE 1,285%

=
=

gery o5 g
-77 -

= eChemPortal

% 7| = HIO|E{H|0| A HE =T X} &
N
Al 6,701

AlE =% 7|= Clo[E{Ho]~ )

<|
B8 ko
B 5 K| R
S o < <F |0 Ko
iy S
2 w 2| o & ﬁ. __h_m B
R o) b = EE
m = o xr_ M, ol .__.___..o K 1]
N «»n 1o Q_o o &
Kkl = B o &5
N m ~ =< | o .ﬁro
- il = I ol
Ho i RO o1
.. ol Kr




> Y AT A W EAL OZT2 IS &850 LY
ledo| =2 22 FIEE
X SUSHNY ZI SO HSU WM MY S Yons
MG TS A WOt S 0|5 4 9l AlRTRH0| e
QSAR Lazar Protox-IT CTD SISt QHEX Y KEGG pathwayOl 2|8t 2ot7|T 2fol

[

(5405 Z=08)

[RAAYEE HEsH e v|TH o5 Z2 a2

Areseqy 8

19 e
UHEAFT

71248 N&7tsd Y A 52
SHEY [o3YEY |olEY| Yy Carcinogenicity
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1122781 |Phenylacetaldehyde 10| 04amHg carcinogen |  carcinogenic active cancer 0 5
2 |540-88-5  [tert-Butyl acetate 1000 | 47mHq 1 1 carcinogen | carcinogenic active 0 4
31534225 |2-Methylfuran 100 | 13%mHg | 2 carcinogen | carcinogenic active 0 3
4 |108:203 i'ti;?xybimpa PR 1o | vaowg | 4 2 ardnogen | carcinogenic | actve 0 4
5 [131-11-3 | Dimethyl phthalate 1000 | 399.03mHg | 4 3 carcinogen | non-carcinogenic | inactive cancer 0 0 B
* KEGG Pathway: 315183 {TZte} 8Lyl ARYE oFse =234
RS YUY ST SY(Positive) 2 Fate| TA
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* JACUC : S 248222 2(Institutional Animal Care and Use Committee)
** GLP: 2484 2% 78 (Good Laboratory Practice)
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Toxicology Reports

ELSEVIER

journal homepage: www.elsevier.com/locateltoxrep

Thirteen-week inhalation toxicity study of 1-propanol in F344 rats

Yong-Soon Kim *, Ka-Young Park, Eun-Sang Cho

Chemical Rescarch Bureau, Occupational Safety and Health Rescarch Institute, KOSHA, Dacjeon 34122, Republic of Korea

ARTICLEINFO ABSTR (@) Tayor Francis
e i by Inhalation Toxicology
oM ool International Forum for Respiratory Research
Nosbmeriaaimecsus i e i
.
weight, and
9.54 ppm, 1| -
I;:‘:::(::‘ ISSN: 0895-8378 (Print) 1091-7691 (Online) Journal
i
Assessment of cyclohexanone toxicity in
inhalation-exposed F344 rats and B6C3F1 mice:
applications in occupational health
Cheol Hong Lim, Yong Hoon Lee, Yong Soon Kim, Hyun Sung Choi & Dong
Seok Seo
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#BH | Registry of Toxic Effects of Chemical Substances
&R ¢ National Library of Medicine(http: //toxnet. nim. nih. 9ov/cai-bin/sis/htmigen ?CHEM)

#ERX | Hazardous Substances Data Bank{http://toxnet.nim.nih. gov/cgi-bin/sis/htmlgen?HSDE)
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Ayue 20011
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* QSAR : Quantitative Structure-Activity Relationship
(T=-BY yaA)
** AOP : Adverse Outcome Pathways(S 4L A 2)
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2ASHI )M

(Tetrachloroethylene)

Ateporry 6 /4
AHBHFT

| -.; (o] ¥ o I3
| &l (Cyclohexanone) =% &} =

Hi Z Al
(Tetrachloroethylene)

SUSSAEAES] HYE AlFsE 88

(NTP'E 0 AMQ} A1} Hl1)
* National Toxicology Program(0|= =7t 22| | A))

\.\//

- EXN7|Z gl CTIRENRE
- WMAE S AE ||« WNAY A}
= NOAEL' & DNEL" =& » LAGA™E 0
* No Observed Adverse Effect Level, n A|ARE
oS
** Drived No-Effect Levels, FYeHs &
4 sy m
QIHEHZCE
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_ 20} (4 ) A| & (Tetrachloroethylene)

A= ) cl
% LA Hi AR B 7| =S
% Tetrachloroethylene2| Z M & =/ d=t9l Cl Cl

.i

+ SYUSHAIEAILL 2ot A S HSeuare 23t v

[[E2
D'f-
0x
F
oo
H
Of
4
=1

= 1B(IARC “2A")

NEZ 7Y )

 E-H AKX EXY (SPF; Specific Pathogen Free)

Al =
HH .73 (MF +20% O|LH)

1= CH 2= 100 001~050  101~150
(Rat: F344) =g 400 100 051~100  151~200
oA = 0 100 001~050 101~150
(Mouse:
B6C3F1) LEd 200 100 051~100 151~200
e ﬁ%ﬁa§q"
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Fok/d (B ) Al & (Tetrachloroethylene)

100% A
° 2% o4z

2
EEEEE
40%
0% I

thz=d CET N ES ET

KOSHA  94% 78% 92% 70%

»31 247

o

mEHE NTP m 21 C KOSHA m O A NTP M OF2 A KOSHA

; vy T
QHLUFEH

arol-d (Ul 8) Al & (Tetrachloroethylene)

i) |£’| (Mechanism Of Action) gE(Kathryn Z. Guyton 'S, 2014)
> 7 o2, ke A 8N 24 S4 BTN HESH s HS XIS n S

80%

Mononuclear
cell leukemia i
(SRt M| =t ol
') 40%
28/50 37/50 18/50 30/50 - ‘
7h H| &t . I |
NTP 2. HI (56%) (74%) (36%) (60%) 20% I ‘ | I ‘ I
It 14/50 25/50 9/50 21/50 0%
- (28%) (50%) (18%) (42%) ES! xR S g
KOSHA
e 13/50 25/50 13/50 27/50 27 ot
o 0 0 0 0
i A e mNTP ZH H|Z  mKOSHA ZF = KOSHA H| &}
g twErNy w
O HZTH
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Tetrachloroethylene CHAMA|A| >
| Tetrachloroethylene |
@] ¢
Oxidation >_< GSH conjugation
Cl Cl
r Pa50 6ST
cl cl
Cl Cl Liver
o o) =
H -—— CI—*—I—CI cl <se :irdney
OH OH 0 ;= —
a o ol |o B-Lyase NH,+
SAC el = - V\r/
cl cl
Liver 1 ”
o 1 o NAT).K Kidney
>\ /<
o[ e s St Fu0g
| CI;,c2 7 \em
\m
- v
(Lash and Parker, 2001)
ey o
o orMEAZL

Y EH(Oe2)
% TEFOM UHNESA S > APER|
% JISA1993; E2HE 2~4%/ 740 =74

-

HES 57T

* JCF'9'7|7<'i(|\/IOA) ™ E (Kathryn z. Guyton S, 2014)

714 (prara &, ECIE10| A DNA T EB|O| M, AtstR AER~)0f| CHEH S 20t HE QS

:rl 80%
e s e

60%

;fi’ztr‘sxe"”'ar 17/49 41/50 4/48  38/50 40y

(ZHM = B (35%) (82%) (8%)  (76%) 0% I I I

:'Jerzztgce"”'ar 10/50 13/50 2/50 12/50 % ) ! N -: "
KosHA (ZHHIE Z9 (20%) (26%) (4/%) (24%) B LER o= rEg

Hemangioma 0/50 4/50 0/50  4/50 T A

(23 (0%)  (8%) (0%) (8%)  mNTPZHHIE B9 mKosHA ZHHIE B9 v kosHA HBE

Ay P
10 obdmzmel
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& ot A (Cyclohexanone) 3% Ak}

SeUSHAEA e 2 d A d5
(NTPE ILAQ Z D} H| 1)
o
L B
=2=1 =
AEEE 4U%)
» 223ty 4 - EX 7B &0l - OHMAIY HY
» = S ASAE |, s SOIMAIY ST ME || = 2robMAY ZD
- Rofd = NOAEL" & DNEL* &5 = HAHAIE 1FE
* No Observed Adverse Effect Level, . A| AHSI
PSS
** Drived No-Effect Levels, F&eHs =
13 Aramony ‘
QIHBEHZCH

— HEOFA A& ZXIH)A e )
Cyclohexanone H/JA|& F=EIH[ZA - Ao

£2|-318H5 54 >
CAS No. : 108-94-1 O

= XA2F: 98.15 g/mol
def . B0l A4

M P E E= OfM| &

2T :0.9478 g/mL

S7|% : 5 mmHg(20°C)

&&= (logPow) : 0.86 (25°C) : M= 5= 0| & (logPow <1)
I (dynamic viscosity) : 2.2 mPa.s(25 °C)

= (kinematic viscosity) : 2.32 mm¥/s(S Q1 54 {olld +
: 155.65°C

= : 8.6 g/100 mL(20°C)
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@ Cyclohexanone 'Lt dA|
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HEH

)

% hl*E7C1I
J|E

LD M ZEQ| ZE
H2E5H S MEM S2
% 869704 AIHTOIM =

BEX}$= 98,202HC E

* F=T0| B2 T2 H

S1O| El

SN A EXM, HAENM X,
EOHZ ALE

586,221E2 Al
(20144 %te

=/ - O -

=, Bhg, EnE2AE 2848

5 % ObTe ——
=il ko _Hoyd

P BN STTHL)HME AZS2HEA =

(=1 %=

mjo

g3t 1574 H=

aTr
At 015, MEjZ=AL 2EH
32019 A F%'QEH"M Za}: AFRZE1,1907] £, A2 ZF 1058, e E 2 Xl 24,002
U M EsHE N AKX HEY, A MUE

el BB EEAEIISNE ST MY

| =4

o
X=X

=

=

Ol RHE A} U BEIAIO|S 22| Y
o|-_§_ EE 0|5_ x—|7|.x| 012}}” 7=l§|.

-85 A, H 2, SN, 2 4R &

Areseqy
OB HACH

g/

sy

=3y

% L0101 ZEtA=H AT
33 55 4F
HEE X, OI*H | & o2 8= =2l
CENZEYo HHE BAF ZE - 0.273 ~ 9.473 ppm

ke %2|(US Occupational Exposure survey, NIOSH1983)

2 SIe ROl 2.8~28 ppm (11~94 mg/m3)

0|2t H| 2 Y HH H| = 0.1~2.0 ppm (0.4~8.0 mg/m?)
X EI|E
LE7|E
TWA 25 ppm, STEL 50 ppm
TWA 20 ppm, STEL 50 ppm

Aoy
FHEAFT
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2| Cycohexanone L’JAIE FXIH|ZA T
QoY : 58 >
» RHESY . U4Y 754 o=
> SHESAHOIAE : 2d(Haworth 5, 1983)
> LMY O|MAIY : S (Aaron S, 1985)
» CHARM[ZF S12 O R TX SGHO| &
» CHARM[ZF QIE s FEEIX SRS
> H{QFEl QI7F B 10| A MK O] & {2 (Collin, 1971, Lederet 5, 1971)
> QU7 oA HMK| =4 S7HDyshlovoi S, 1981)
> T SHE SN EZOAM FAK| O] FE(de Hondt 5, 1983)
> _/t'é'HA|'6‘-I 7=IJ—_||:: OI:A-I(2013L.=| 015-'-_-?—.] Jdﬂb
v ™
= ope
@ Cyclohexanone e JA| & F=ZIH|ZA T
QoY : 58 >
> ad5d
LE INE=:E<Inl3
= A a2 H| 31
EREHEREEE 2
A7
=P =7 2.07
A7 AN 24 _
qu A?‘I = ST
N I e EAAAH QN O S
Hl-'"?‘*l*l‘% G = oF 74 1.8 - BFMNEA AN A =5
O A
(LDqy) X2 ok AL
(Gupi(; 5, 1979) OfA +=A il 228} ° o Do . e
£ =7 =2 | A
Lo 2 0.93
o2 AHX| o LI EH oM
(Bruze S, 1988) T | 7L GPMT H ==
9_I' xl-:- (o) M Al O S| A
(Smyth g 1696) iay =7 - A= HAMOZ 5| M
o oRunaE
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7 Cyclohexanone ot A|

=
O = =
R4 : 58 >
4 HHEEA
LE s
M [T
=
st il 712 =
oA 135 47,000 mg/L
T%\I =
A (insky TE 34,000 mg/L
_lr_g Kovftch 3 132{S
, 0
e A L= 47,000 mg/L
3Z'i 12,000 mg/m3
SeEs <
10°F
= 5,560 mg/m3
Eogl (freEor?lE = ==
L3 = Z5
1943) 10+ 3
e 1,200 mg/m
1077 :
fES 750 mg/m

7

1-3 Ab
1 ARk

2-3 AP

2/4 AH¥

£Q Ofn =
0jo 4o o2

Al Zat

(hyperplasia) 2
=4 Z2H5H
B4, 2859

o) =1
ofst A9t A=
=

el
gEl

Aoy {
QBT

s /8

(@) . =
IS )
+ gy
| 583 |=suy e
H=A
MOH E 510 E
(Koeferl &, 1981) o Tl —|—01| 18-21= —,—O:I
(Greener 5, 1982) < =l T0:I 28= +
7IL|EI:I' O E =
(Greener & Youkiis, 1984) Sl —|—04 32| —|—021
SIE
@MY Laeq  228/%
AMZAYE|sHE A A =0 T =&
(perbellini 5, 1981)

e

LE Aot
HIAL SFMEA ST,
i AR B
50-100 mg/kg =
0.5 ml TG Bzt
0.5 ml S s e
2tk MAA o
200mg/ke  ogaro) gt
s
QB Z1gTH
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@ Cyclohexanone L IAIH T
o3[ Ad . AFRE >

% O|E L2 X| 210(5%)(Bruze et al., 1988)
% &, 3, 5 A= (Krasavage et al, 1982)
28 U O8 3A MEAY 75, €Y, =50 X0|7t RS

(Bereznya k, 1984)

% 51 0|4 cyclohexanoneO| =& 300 =Xt IE0A ZH& 2
A = (Bereznyak, 1984)

X SSAIY Aot QA WSS HO|E Ho = THEHE

Hl-ol-klA &1 XX|HHA oY ——
Cyclohexanone | =ZI6l3 - Ao
B9, £, [jAL IE(ADME) )
% S4(Mraz S, 1994; OEL, 1993; A&H, 1999)
> SU(EFE] 57~59%), L 5 (37~69 mg/cm?/hour), & F|
% CHAL S HE S
O O NZEY) HEEYO)

(Flek 5, 1989)  (Greener S, 1982)

cyclohexane \ // cyclohexanone
: "

3.5% 15~35%
cyclohexanol
/ 68.4%
1% 0| 3¢
Q_q. 28.1%
Ll—cyc[ohcx:r:'di ol 1,4-cyclohexanediol
Arxision'y E
- ormg;'-l.gu:rﬁ’
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B6C3F1 O A

100, 250, 625 ppm*

Klo

=8 cyclohexanone

IH

(ol

Moz - =7tsth X} s=9l 625

M St

O} %
L-O

SESEAI™ 2,000 ppmOll Al 1/60| At

[
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ALT, BUN
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EN
KU olo
H 33
Kl 300
Oj 50

Hm|_u.

A
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=4
A

250 ppm
625 ppm

b

(=3
=

BHQlE| x| O
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% SO0 MY FHEE T U= F/HA SAHAZZ EE
* SUL-EAES ST DNELZL M2
TLYV Chronology

1946-1947: MAC-TWA, 100 ppm

1948-1960: TLV=TWA, 100 ppm

1961-1980: TLV=TWA, 50 ppm

1979 proposed: TLV-TWA, 25 ppm; TLV=STEL, 100 ppm

1981-2002: TLV=TWA, 25 ppm

1981-1986: TLV-STEL, 100 ppm

1985 proposed: Withdraw TLV-STEL

1985-present: Skin

1987: TLV=STEL withdrawn

1995 proposed: A4, Not Classifiable as a Human
Carcinogen

1996-2002: TLV=TWA, 25 ppm; Skin; A4

2002 proposed: TLV=TWA, 20 ppm; TLV-STEL,50 ppm;

Skin; A3, Confirmed Animal Carcinogen with
Unknown Relevance to Humans
2003: TLV=TWA, 20 ppm; TLV=STEL,50 ppm; Skin; A3

Substance Evaluation Conclusion as required by REACH
article 48 and Evaluation Report for Cyclohexanone
(2017. 6. 26)

Q== A| DNELZ EU IOEL Zf 40 mg/m?

Z+H o]l i3t DNELE EU IOEL EH7| Zf
H - A| DNEL 2} 4 mg/kg b.w.
v E7|9| I8 |p,, ZtEC} 2008 O] 4 &1,
Q11O NOAELE L} 100HH O] & &3
v olg Laam ﬂm?e

> =%
>ad% [ 80 mg/m3
> I

Elop oo

AE9 Opea BT

22 ol

=
HaXMoz MENSHO] emscA O|A

ARy

Oﬂiﬂ?'l%lcl' i

27

=

ofeH Al

k2] M A

Inhalation Toxicology >
International Forum for Respiratory Research
Volume 30, 2018 - Issue 7-8

Research Article

PHEASANZZEE

Assessment of cyclohexanone toxicity in inhalation-
exposed F344 rats and B6C3F1 mice: applications in

Conclusion as required by REACH

occupational health

(heo\ Hong Lim, Vor\g Hoon Lee Yong S00n Kim. Hyun Sung Chm & Dong SeokSeo =

ges 247. ceived 03 May 2018, Accepted 10

6 Download citation 8 hetps://doi.org/10.1080/08958378.2018.1512689 T chmtimspees

CLNPUCEEE @ Figures & data @ References Gk Citations |l Metrics & Reprints|

1985-present: Skin | > E-)g .

F344 S

Ly

B6C3F1 Ot A
7|

2 ppm

e -4

2003: TLV=TWA, 20 ppm; TLV=STEL,50 ppm; Skin; A3

al

2

H

The threshold limit value (TLV) of cyclohexanone is set
at 25ppm in Korea. This criterion reflects that of the
American  Conference of Governmental Industrial
Hygienists (ACGIH) of 1986. However, in order to minim-
ize the effects on the CNS, liver, and kidney, the TLV was
set to 20 ppm and the short-term exposure limit (STEL) was
set to 50 ppm, owing to stimulation of the eyes, nose, and
throat, in ACGIH. These criteria were revised in 2002 and
adopted in 2003 (Yang Dong et al., P009a).

In conclusion, inhalation exposure to cyclohexanone
vapors for 13 weeks induced hepatoxicity and renal toxicity
in rats of both sexes. The NOAEL was considered 100 ppm
for the hepatic endpoint in F344 rats and >625ppm in
B6C3F1 mice. Based on the results of this study, NOAEL
converted to human exposure in accordance with the guid-
ance on information requirements and chemical safety
assessment was calculated to be 50 ppm. The derived no-
effect level (DNEL) was calculated as 2 ppm by applying an
interspecies factor of 2.5, intraspecies factor of 5, and
exposure duration factor of 2 as default assessment factors

(ECHA, 0T2).
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% otm g?-l.gu:r"'x’

- 106 -




nge ~

ARy
Ll

30

=
my
3]
n
]
b
K
od 0
=
<
Q b Klo
C = ~
- |
(o) KMl i ffu
c = _4_0 DUy
R L) W g B
© K- I yZy &
X 0o S HhEE 4
L) — Ry \ -
v o 95w o B0 g m K
= I Bitd : sl
O = 21 ™ N3 Ba g
o © <3 Rron S E8 g
W ﬂ W|m M ] H o = 9 .*M
h [ ] [ ] [ ] * 54
70
& o X
© ur t
y O
m\ oo
E | B _
=< X0 2
0 wjr 0
3 2 B =
i mﬂ 9 oK 7o
Ho 104 X
. oll o T
£3] & o H o
Wmll_ | ] a -

- 107 -




* TESE E2HOIR

pl

70
r
51
ol
r

ol
oll

oK
oy
OH

CHZE(C)
XN&sE(T1)
S&5E(12)
I5E(T3)

CHZE(C)
& (1)
SEE(T2)
NsE(T3)

4000}2]

20
60
200

e

4000}2]

50
150
450

PN

ud

&

Areseqy
QHBHG

31

4| cycohexanone &

s

> SE 471 E2Y), DA 18 s H) 2 E

xr
IH

ESl0 Gc2 B4

JoO

KIr

ol
T
I

ud

-

Aoy
UHEUE

32

- 108 -



Cyclohexanone

TAGAE 21

sesorry 6 /9
QHLHIT

AHEE

LEZL S=
= (ppm) !

o Sk-

MNek
EEE =
(n=522) S&x
S
| =
oA
(n=387) =
=

*ErsE-285E A0 (B s - 285528 E55%100

FTHEHA/E &2 %100

20.00£0.84

60.27£2.56

204.07+8.55

49.86+3.39

149.73+11.88

455.68+22.67

BE = X0|(%)

0.51 4.83
1.83 4.74
-0.28 6.80
-0.18 7.93
1.26 4.97

34 ATy T
PHE BT
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LTEPS

527.92
HEE 58%
o3 635.9
dEE 96%
g 539.3Y
YEE 92%
Br+d 537.02

509.2%

52%
630.5
96%
536.8Y
92%

5245

B5 Aoy

omuAgn

Body weight (2)

Body Weight (g)

Body weight (2)

300
250
200
150
—e— Control
=0="T1
L e TP
——T3
50
[ 100 200 300 400 600 700
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HiO} D)
Cyclohexanone & it

Adenoma, hepatocellular 7 alil, 8 10

Carcinoma, hepatocellular alil 8

Hemangioma
Neoplasia, NOS
— Adenoma, bronchioloalveolar
Carcinoma, bronchioloalveolar
Adenoma, follicular cell
Adenoma, C cell
ul‘-?—ﬁ Lymphoma, lymphoblastic
Lymphoma, lymphocytic
Lymphoma, NOS
Leukemia, erythroid
Lymphoma, pleomorphic
Hemangioma
Lymphoma, lymphoblastic
Lymphoma, Plasmacytic

o O O P O 00K O O B B & O R
O O O © O oo oo o |»r P» o o
©O O O ©O O OO0 O O O r»r ONON
O O ©O © © ©©o 0o P B O O B O O

S Lymphoma, lymphoblastic

:
Adenoma, cortical 0 0 0 1 0 1 0 0

NES Carcinoma, cortical 0 0 0 0 0 0 0 il
Pheochromocytoma, benign 3 1 2 4 1 1 0 0

Pheochromocytoma, malignant i 0 0 il 0 0 0 0

Adenoma, follicular cell i, 2 0 1 0 0 0 0

Carcinoma, follicular cell 0 il 0 i 0 0 0 0

=ic ZHARM Adenoma, C cell 2 0 1 1 2 0 0 2
Carcinoma, Cell 0 0 0 i, 0 il 1 0

Neoplasia, NOS 0 0 0 1 il 0 0 0

Adenoma, pars distalis 16 13 sly 12 20 18 16 19

| St A Carcinoma, pars distalis 0 il i, 0 il 0 0 1

Adenoma, intermedia 0 0 0 il 0 1 0 2
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Leukemia, large granular lymphocyte

Histiocytic sarcoma 0 0 0 1 0 0 0 0
H| & Leukemia, myeloid 0 2 0 0 0 1 0 0
Leukemia, NOS 4 © 5 6 i, il 5 3
Leukemia, erythroid 0 2 il i, 0 0 2 al
%E D3 Adenoma, leydig cell 19 9 43 11
Neoplasia, NOS 1 0 0 0
1_L1| Adenoma, bronchioloalveolar 0 0 0 0 2 it 0 2
Adenoma 1 il 0 2
§'<“.\—_},| Adenocarcinoma - - - - 0 0 d 1
Fibroadenoma 4 4 6 8
Fibrosarcoma arising in fibroadenoma 1 0 0 0

o ?;;Tﬁﬂg:rw

@ Cyclohexanone 2 /Al
At 0 F S AJAE

sreopeyy 5/
oFEHBCH e
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% 75"_[" HEI'%HS A|_‘l5|:|4 7E:'-l_-'|'(Ljinsky& Kovatch, 1986)

LivercellAdenoma | Malignant lymphoma

or Carcinoma and leukemia
RHAIE MB EE QF) | (HIZTS Y W)
13,000 70 13/46 -
=7 6,500 90 25°/51 -
B6C3F1 0 88 16/52 -
oA 25,000 15 2/41 0/41
1
ot 3,000 40 3/50 4/50
6,500 85 6/50 17/50
0 86 3/52 8/52

43 LRy 1‘
QIHBEHZCH

Adrenal cortical Thyroid follicular-cell
Adenoma Adenoma-carcinoma
(RO EME) (A o Z M= HE-AF)
6,500 <f7HZtA 1/51 6/51(p=0.053)
Fischer A7 o
BHC =P 3,300 - 7°/52(p=0.03) 0/51
0 - 1/52 1/52

> 8F-QAEHUHSTLI FO{Z0M BHEE
> APRfap R0l gle SY2E Fotk|of AS

*EAH Q04 9

g4 HERERE 1‘
QIHBEHZCH
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X Cyclohexanone= Af&l0JA1S/

HF H=a A OlO
giotyoz BRI + QS

A
(Group 3)

IARC Classifications

GROUP WHAT IT MEANS
There is sufficient
evidence the agent causes
cancer in humans.

Carcinogenic to

Humans

There is sufficient
Group evidence the agent causes

! cancer in humans.

Probably Carcinogenic
to Humans

Limited evidence in
Group humans and less than
sufficient evidence in

2 B animals.

EXAMPLES

Solar radiation, processed
meats, alcoholic
beverages, smoking,
asbestos, talc-based baby
powder contaminated with
asbestos

Anabolic steroids, high
temperature frying, HPV,
red meat, Roundup
(glyphosate), Actos
(pioglitazone),
N-nitrosodiethylamine
(NDMA)

Aloe vera leaf extract,
marine diesel fuel,
gasoline, engine exhaust,
Asian pickled vegetables,
progestin, perineal use of
talc-based body powder

Possibly Carcinogenic
to Humans
Evidence is inadequate in Coffee, low-frequency
Group humans and inadequate or electric fields, dental
limited in animals. materials, ceramic
implants, chlorinated
drinking water, tea,
printing inks

Not Classifiable as to
its Carcinogenicity in
Humans

g5 Aemeay 5 /8
UHEAFT

ACGIH

& 7 R o » A1 - Confirmed human carcinogen
Uod Y gl H|HEH
I ML SIS ER HAE He » A2 - Suspected human carcinogen
T=FEOE L=k = ArEt Ao » A3 - Confirmed animal carcinogen with unknown
e Mg 2HEH0| 9= 7oz relevance to humans
== Hy #E0] Bl= A » A4 - Not classifiable as a human carcinogen
25
» A5 - Not suspected as a human carcinogen
identified by ACGIH are listed in ACGIH's TLVs & BEls booklet

X AFELIRS EHEISO] B B2 HOIE S8 2oty A3

46 temrs T
UHEUFT
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SrobMA|E Zafbld : OpRA

Thyroid follicular-cell

Adenoma-carcinoma
(LA GEHEME-AT)

Liver-cell Adenoma
or/and Carcinoma
(ZMZE M E == &4F)

Malignant lymphoma and leukemia
(o4 BmE L g

Adrenal cortical Adenoma
(RAIE ME)

+
»

+
»

A
»

oo
o

+
parl

13000mg/!
6,500mg/|
omg/l

25,000 mg/|
1,300 mg/I
6,500 mg/I

0 mg/|

25,000 mg/|
1,300 mg/I
6,500 mg/I

0 mg/I

13/46
25/51
16/52

2/41
3/50
6/50
3/52

0/41
4/50
17/50
8/52

2 TR ofl A
AN o= pEE
200 ppm 15/50
60ppm 16/50
20ppm 19/50
Oppm 18/50
U 75 0|
AarEo = phae

450 ppm

Ql
=

=

2/50

WA 0| A

=
MErEoz Py

47 sy )/

QHLUFEH

Thyroid follicular-cell
Adenoma-carcinoma
QAN TN E MEE)
Liver-cell Adenoma

or/and Carcinoma
(M= M5 E = o)

Malignant lymphoma and leukemia
(4] RITE g uie )

Adrenal cortical Adenoma
(RATE MF)

- £ goly g

P
>

+
St

>
»

A

+
>

(Ljinsky & Kovatch, 1986)

6,500mg/|
3,300 mg/|
Omg/l

6,500 mg/I
3300 mg/I
0 mg/I

6%/51
0/51
1/52

1/51
7/52
1/52

mjot

o

2
=]
25

=]
-
A

—

ol
=T
Hf
t}.EX—-ll

Ql
=
=]

(o]
=

ZH A of| A

oz axy

ZH A of| A

oz pEkE

19/50
15/50
17/50
17/50

15/50
10/50
6/50
9/50

ZH M of| A

=l
MERo R P

4y EErE )/

QHBHFT
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