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ba & B IRE R I T - DB
S 52 B B B AN S A 50 P Bl 1
fE b - bk - A 18 {HhAdE -
Maehle {5 42 HH 1T IFFT % T RE LA A 8l
V)8 & R B YR R H AR R AT
a7 - @Y A GEEHRY 3Rs J5 AR g L
(refinement) ~ J{ & (reducement) &% X
(replacement) » BB ¥t = 5 AIIER
SrETZ AT EIEAEHE T - Kb A
PRI B+ Ry R4 B R @RS 53 LA/
B R4S 23 A7 (local lymph node
assay) HUAUEHE R BB © (guinea pig
maximisation test B, occluded patch test) ;
U5 B Ry T 7 1k B B AR BB AR 5 R 2%
JE& #H #& (Organisation for Economic Co-
operation and Development, OECD) £ #&
DEIY R ZWEHFELS] (OECD Test
Guideline 423 &, Test Guideline 425) » 5%
F BB A & B {E (lethal dose 50%,
LDso) 5 1M & Ui & 4 0B+ Ry i 22k AL
M S EE R FUE Rt se ¥ 5 - ISR
bR 2 ) A
allantoic membrane, HET-CAM test) > 3%JH
HIEA TR ~ iR 32 H DARF AL = R
MEYIE ~ Abfdt G149« FYEI AR LA it
AL EHE O WSRE - RIFEF
TR K - B DB IR i A 5 - A
DN ik ) b ok =X AW R N i
M Z 2tk - BEEEIYIR o & R 8l

(Hen’s egg test-chorion

VI IRE B P PR ERAYRERE - ([H AR S B
B Y B R RS A R R R R B
> AFERIERRIE D Je (AT A B B Y
BIIEHRE - SR E BT TS
FIR BB AS R - LBIERE  (United
States Environmental Protection Agency, US
EPA) FEHEHIBFAE 2035 S48 LUR ALY
Rl BB QU T CY -

FEMP IR 5 M A BE R - IEFEE VI8 K
BiYnEnt % & - FRHlEFES | OECD TG433
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T EIFURGE 5 B DL R G HE ALk
BRICHEMEIAERRZAEE - HEEB
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Bl ekt - BEEBTIEM SRS - I
[t ] AT I8 S 1 f B A i T B BB i 5
& NME AR TR EHE -

559 B SR B 7L BB I B vl IR
V] Sk

£ 2012 4F US EPA #7172 85 2 I 2L H)
Ve e A B S e e R S (19 2
ZIE CD s BEAE o ISR A EE N F
&% & il J  (Pest Management Regulatory
Agency, PMRA) fi§§k US EPA #5534
A [ PMRA - B AT 403 28 17 AH BR S 14
29 s %1% OECD #£#% US EPA 2 PMRA 3
TR R e E R RS @D
T = 3 PR ST I S P UK R fER
RERBAANT ¢ (1) REERE A &
PALRY &gl R Y G B EnN o kY|
EABENREBERE - HEHEELEE R
aH AT EREFN SR o iR
HEGERBE (gas) ~ AR (vapor) HR B
(aerosol » F5 LLIAE] 8 5% 5 1K RE AR V% A 22
FAEY/INRLF) o FE b R A A B U R IR I
15 2 i B B B T A YR Y AR T
FeVPUR SR B a0 o (2) RSEERE Ry FEAE 1%
KE (EEHRERREANMEHZ BEHR
BE SRR/ 131075 kPa 5 2= 4Msf &2 p
2R /NS 1x10 kPa) - BE SLAEREFH ~
M~ fEfE RGEEREE A E RBE
BB - HEMBEEREYE - HK
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mn /AN B SR AR o (HZHAE IS FTREAE AL
ZRIBRFFENEVEDH 9% AR 100
um ZRLF o ATE R IR R - iK%
HER IR R R R AR TR E A
IKERBEIE L ~ AR SRR Y 22 5
CRERF I 2 AR LA A/ - TR B SR TG
AR A ITEDLRE A © (4) RIBEES M
PRESY 7SRy SR M IS I i e $e s 3
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e IR A L EK - DU B A 26
T2 - H R i E N AT AE R
B gl E R - 2 REEE M
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B2~ SRR AR R A (L BRI R BE HT A UK
DEHTEIR R (FEGH) RREE - #H
#MEEE (BRARRESE) SR T V9E
/By 10 pm ATREEHIPIR IR A S+ FERE (L
SRR Bl P e e B M A B R - [
uEalES SRR $ ) NERY E R SiNE e
AN AR BRI AR GE B FRE IS 52 -
FERSERUREB IR O d o (B R
g8 2k ~ K2R R e s Mt fR 0 2
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& DL e F PG X2 T S E B
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S5 T AO IR E R FIBT 2 S A R P u G B
WS fRE BT B R A E - B3
B AT - AR EHERBEITIK
B R A M A B E
AT o WPk SRR EEEIERR T
ZERIBBEIRESN - IRV E HE)
Yz AR AE - fEEBERBELS - K
TREEETE T [ Bk R PRy H A T B RE SR TR
gE &+
aerodynamic diameter, MMAD) J& {# &%
A 1-4 um 2 [H - BHBTER R R Y K ER
SR A BIEIRGE o BREEEE R Ry B
R R EK » R AR I
B GRS EERENER Y
By - R RS o RS R AR IR T
AR - (HEHER SR IEE —ITIkE
HYIEINE @ RS AR/ IMUTF XS A
FBPEER EE % o JREE RN 1R W 5 ] Y 3 2
R i i\ P TR R K O Bk BR » PR A B TE
WPk g MR A B 2 R CL AR T Y E LA
B U i = YR P B AN A i R
ST REMMEREYIIET @D ZE
LU IEIEEE  (lethal concentration 50%,
LCs0) DAKNAFAEFRIR » fEURERE 77 Kt
TP M A A A - LCso $& IMEAERY
TBULH MTE T RERERE » 43 i R EREs I K
MREIE ARG HEE R - R
ENERT > BB NRBENEEE S e
o 7 B - PR S M EEAL T I R
PRI 3 S IR B B RE E AR &
85 | EARRY TR ARIER - A7 AR SR PR &
Eany FIER G - T DUE B BB e 2

(mass median

BRI EEF K - BEEMMER B
AR B ARGEFR T E R -

REAR R B KT » (ERIHEBE T
SKEVHE ] L3 E & (no observed adverse
effect level, NOAEL) fH > %A B = EE K
PSS B APk AR R B A B YR e
T bt 1) 0 v S R E WU (R 8 5
i By YR B e BRI s B S FEEN I A
AR - WseE A E T E R ik
W5 - DU B g8 S0 atBa R o] - 5 DLix g
HEHERERIRER T ZLLER
R TYEIRBILRE » DR k2
BRUR R P B RANEE M T T SERG TR
PR R B R M - E AR A Al
AIH A R 73k B SR 2 e & R E EI 5
KB R s EEAL e EH Y

I e 7 PERA G ] JE i

R G I PR TR I 2 WP R S 7 M Al B
Eh - HHPELTEKZ 858 US EPA B
OECD #8753 [H£1T » [AIRFth2EEE 9 (&
—) KB G R FrlEm s
W o HRLENVIRDESE ~ (PR g R X
i fe 7 B8 TR B A BE HE S HL A H AT & H B
SE 75 HIMBE ZE 42 Y IR AR T A d B 3R -
US EPA MR e p MEaBaEs [ 1998 £ H 5
MR EHT » OECD HIF%M&EE5] (&
=) > EFE S A S (Acute Inhalation
Toxicity, OECD TG403 (18)) ~ IR 23543
- [ B B = BEHEE1E (Acute Inhalation
Toxicity-Acute Toxic Class Method, ATC, OECD
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R— EEREREBCTRSSZEDRIRE
Table 1. Acute inhalation toxicity categories established by the US EPAV

Study Category 1 Category II Category III Category IV
Acute inhalation (mg/liter) < 0.05 >0.05~< 0.5 >0.5~< 2 >2

D'US EPA: United States Environmental Protection Agency Information extracted from US EPA 9

R MER2RANGE 2T R SE M RRE
Table 2. Acute inhalation toxicity hazard categories established by the GHSV

Exposure route Category 1 Category 2 Category 3 Category 4 Category 5
Gases, ppmV <100 >100~< 500 >500~<2,500 >2,500~<20,000 -2
Vapours, mg/1 <0.5 >0.5~<2.0 >2.0~<10 >10.0~<20.0 -2
Dusts and mist, mg/I <0.05 >0.05~<0.5 >0.5~<1.0 >1.0~<5.0 -2

D GHS: Globally Harmonized System of Classification and Labelling of Chemicals Information extracted
from United Nations ¢4
2 The value range has not been determined. See detailed criteria in document G4,

x"R= - WRESHAEIES
Table 3. Acute test guidelines for inhalation toxicity
TG 403 traditional

Study feature L.Cso study (2009) TG 403 C x t study (2009) TG 436 (2009) TG 433 (2017)
Endpoint Mortality Mortality Mortality Evident toxicity
<3 % and<3 ¥
Range-finding (or <3 of the known <3 8 and<3 % per range-finding 1 ¢ and1l % per
study susceptible sex) per concentration studies are not used  concentration.
concentration.
In case of 1 animal/sex/(Cxt)
point:
3% and3$ Both sexes:10; 37 and3% 53
- Susceptible sex: 10
Limit test (or 5 of the known . (or 6 of the known  (or 5 of the known
. In case of 2 animals/sex/(Cxt) . .
susceptible sex) point: susceptible sex susceptible sex)
Both sexes = 20;
Susceptible sex = 20
58 ands§ (o 2or 4 ammalsof he 36 amd3E s
. (or 5 of the known . (or 6 of the known  (or 5 of the known
Main study . susceptible sex per (Cxt) . .
susceptible sex) per . . susceptible sex) per  susceptible sex) per
. point) 5 durations per . .
concentration . concentration concentration
concentration)
Concentrations Limit test: 1 Limit test: 1 1 or more 1 or more
tested Main study: At least 3 Main study: 4-5
Exposure duration  generally 4 hours 5 durations per concentration 4 hours 4 hours
Particle size MMAD: 1-4 um MMAD: 1-4 um MMAD: 1-4 um MMAD: <4 um
(aerosols) GSD: 1-3 GSD: 1-3 GSD: 1-3 GSD: 1-3

Information extracted from OECD guidance document No.39 %
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TG436 (1) Ko Il s 73 1k 3k i - [ T
B MEHEEE (Acute Inhalation Toxicity-
Fixed Concentration Procedure, FCP, OECD
TG433 2%) - OECD TG403 Fy i F- M 2
wEEAEE T IRIERYTES | - BEE BNV E K
EHTRK > RN M - BRIEE
HY L #fE oK HU LCso 3% (traditional LCso
protocol) &b » 53 W T R B < I R
(concentration x time, C x t protocol) * 3t
JIEMREE /A N AR ERE - E—H
RV E BT B AR - DIEY)
U SRR b2 TSRS | A
Y8R S A R DA S A S AR A BE T AR
Z o B C B IR ME — i A AL T
= o 12 DB ) 85 2 BH B 5 1 R
(evident toxicity) 43%H » FH3IZ I AR FI BT
P M E PR 1= B (IR R M R A B v
3R FHi o ARMEH LR FREL
MR =g AR B R S A OECD
TG403 {H#fi J51k » LIRS LCso BUHE i FH
BB BHERI FE RS A [FE @ B L ET T3
M54 - MEPR OECD TG436 2 TG433 15
51 R (B YO/ 78 Sems FI Y A B 38 - {HE
KT 4 /NG BREFATAERATT ~ R &
A AICE BB HMA S BEE R LA
REH 2 HES) -

BRI SRR IR T 5

— ~ [ERREEEE (adverse outcome
pathway, AOP) Z#%f%

£ 2012 - OECD F{EhfEF &
& (adverse outcome pathway, AOP) %%
ZHEBETE o B RO A R B S FE R
W - E WAL R (molecular
initiating event, MIE) ~ FfE]RAFE S (key
events, KEs) K fx #& F B X IE & R
(adverse outcome, AO) MIFEAERH - £
MIFHSYIE Y2 8 2 - 5
TR R B B A YA 73+ ) T
HEAAHOEANEAEEEE - BHEEE
REF &K Lt  PEREGESE A2
feF R AR EA - I — » HRFE
—rhfE RS R B S —REE R
&+ YRR AR VT #E 85 Sl B 15 1
b 5 BeAdAN RS REAS SR — 5 S B R B AT 2%
BiEHE L REFREZ Nt - JKE
BRI ~ MRS EITER - ik
el By R ERERESR o WA - IR
FHEEZT AOP-WiKi 5%, AOP-KB 2 3 Ak 15 A1
B E ZEFER  BaHm b2 e
fé 48 K EX g - B—faFRETREERE
FHE B A M2 - /£ AOP ZEREHLIZ% g
T e AT AL - R L IR IR AR
FH 8 1 1 AR S AR o A A 3 i e ] B S B
178 SN B P TR AE B A P B AR
B JELEAN S A DB YT
0 o L AOP M2 Ry ELiE o K7 M I B
FFAETEMS (integrated approaches to testing
and assessment, IATA) BfE A MEHIE SR
(integrated testing strategy, ITS) 5 [Xl|fij #%
Bef M o Bk i 2 1l AN R & AR IR HE T
VI8 2 e E Y R L i - Hrh Rk Al



EEEEPUR M (chlorothalonil) #% % th
KIFE A U E &R T L E A
Wi B (thiols) 411 ¥ %8 1k 7 2% BE H AKX
(glutathione) = EFHKIE - BERG
&= M ESRER - HYTE LR A&
il - WIEAHIEEGRITE 2 @ B e 1K
(26) o [K] b5 FH Y A RSP HR3E o fe H MRE :
RIGHELLAE] & (point of departure, POD) »
BB 12  (computational fluid
dynamics, CFD) 3D £ flir s U3 BT E L
T o dk SR B O R DA HE 1T JRU B 3R A - B2
IATA JiEMIHEE -

BN 1]/ EEYNG - pct
(—) PRREE

NERANESE BT - RKIBTRE
it ~ K/ DIRE AT 43 Ry = &t ¢ (1)
g4k (extrathoracic region, ET) : EFLE R
B Q) REXZRE
region, TB) : & & Rl Al 2 BE - (3)
i (pulmonary region, PU) : Kimfll sz @&
Bt gE o e A RPN FERK /N E
ENGIENEEZ UDAF= W UNGRY TR VAR Ok o
fiT ¥ (impaction) ~ [ ¥ (sedimentation)
B fEl (diffusion) {EH] o A& Z W IGE
R A M/ R R R R~ S R RS R
BT~ AR/ N R SR Y R JE S (]
YitE 2 AT AR Z 5% 02 - —iskaEH
KE -~ BT R E A AT 85 &
FHE (nasal turbinate) » LA & B 22 5@ iy

(tracheobronchial

MR Re SN BRI REE ST 65

ECRE 2 1 58 1 1 58 08 HE 1T OR G TS MR IR
(D o FERER 53 B BB IR S0 40 e DY il
BHEE A & B - fFE EE BEIR B RZ
(stratified squamous epithelium, SE) ~ & F&
TRy 3 Jg Wl | K (ciliated pseudostratified
respiratory epithelium, RE) ~ ¥ & | &
(transitional epithelium, TE) &5 | 57
(olfactory epithelium, OF) » SB7E KH - &
EMBEAEME EE  (lymphoepithelium,
LE) #5tg - H 7 535 B R AR S A 4%
(nasal-associated lymphoid tissue, NALT) °
16 A BE AH B By abk 22 A A R O B IR ER
(Waldeyer’s ring) * .75 bk i S FLAAH #5%
(12)» J& F PR E $y i 2 ST A YR 7
FEDIRERY A o (Rt - By AEHH AP 1
i - AR R s R R R A - BLAR[E]
YR R SR - B R G T
W % B HIE 7k - DUERI B EUE R AR
ZEEEH 40 -

() WIS

T A5k B R A A Y SRUB B 43 H
ki1 R/ NHBIZAE#E L AHAR (International
Organization for Standardization, 1SO) ~ 3&
B T2 A lt#% e (American Conference
of Governmental
ACGIH) J Bt N HE % 2= B & (Comité
Européen de Normalisation, CEN) € & H]
Gy Ry v AR A MERLR Y
particulate mass, IPM) ~ figfyi & M RIR Yy
(thoracic particulate mass, TPM) Jz AJ Ik

Industrial Hygienists,

(inspirable
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M R AR ¥ (respirable particulate mass,
RPM) o IPM 3R ] FH 0 B B 52 - IR ACHY
K7 » HERERAEHA 0-100 pm 5 TPM
AN AER AR - HERRE TR E
PO Fs 10+ 1lpum 5 RPM FRORAE
FARIRL ¥~ - HR#IFy 3.5+£0.3 um GO -
18 T2 WIERS B i HH B HE Y SR8
B 99%Fs KA 100 pm ZRLFA 5 F
g TR B IR e R 1 - BESRRL TRy 10
um R/NAREME AMRF LU MRy Wik - B3
S R MERIRL T Hm st - HEReRIE
fREGERE ERUBEE - PVE SRR (ETR
P S Rk T FE HR MR IE B R B
Bk YA 45 AR A5 5 8 R A S gk
25w A R R e i M W TERR R -
AR BN R+ - 5—J5H - 18
N FH R — S8 = HH 58 B DANE L2 Bl S5 AL (]
Tk BRI R 5 (EL3S KA o Y W v R B P 1
SRR R L G S e
— MR SR T I (1)

(=) W28} (respiratory reflexes)

Wk B RE D ) P A O PR S B
] B SR A S IR AT HEE A B WS
FIRIRAYARRE - S5O0 R Y A (5]
P AR LR OB MR P IR T 4 (reflex
bradypnea, RB » JRAJf# Kratschmer reflex)
52 Paintal reflex i ZH 7Y - 5] 2% reflex
bradypnea HY MR Y £ E Ry /KB
Y&E o RIR)E B SE  (upper respiratory
tract, URT) K R g 3 IR « = i £

(trigeminal nerves) Tfjg IR S B+ {5 )
WY EAE EPIRGE - HREE ERI IR
EEEK EPRCEERREESINE - AR
T IRGE R BRI o RO
ISP 08 87 4 37 B R BRI AR B R » L IR
SR R REHER TR ~ BRITE R 5
bR A TR ~ B8R N R ~ L3RR - M
R R ~ JEED TR i pH (B BT G e
SRR CABR #2465 (pyrethroid) BB
TP R R A - AR BB RE
BHEERER T RE - 1 AKH B RS 3 3 T A
A R AT+ JEL i DRI HE 0 5 ok it 4 i L
A R L0 B = i AR R A Y R
P - AT RS IR R R W P IR A 2
SRS A+ DA ERE LB E
WA BRTERT @D 5 S—HI SRRy Paintal
FH 7KV MR AR 2 5 S M 5 |
FUSCIE - FE RIS T WRIRGE o KBRS C
At #2248 (C-fibre receptor » JRA]fE J $2
2 88) 0 TR o bl R SE IR
St IR H 2 BUEIRFHL » Paintal reflex &
P PR R BB -

reflex

(M9) F3 Leg

W 1 8 sz A BN [R] B e 75 3R A
whAa iR - RYIE AN SEE R A 8
FEHH sE o AL TR S - PR R
FAENY) B — DU R AR 2 B L =
H AW e S B ) S P 5 A A KA [R] Y
A B - T LRSI 73 1) 2% 3R IS AH ]
PES - Heia G A RNEEBERE



B o b B EURSAE AT R - T BR A A B
VIHETT L WPk 2% FR AHRRRAER - TEATT RER
ST A e ] PR IR TR R R R T
BRSKAE » 7 A RESOE A AR e v FREN )
A BBEIRE - WBIR BBV
8 DU KI5z MERH G 2 EA e
{EAE IR IERE - BR 1 RRLY) DU e 54
Ty T =GEIT AN B R TE DRI At A
LR R R R S BRI
A A1 P T 7 P S e BE P P R
R A VR B R A SE R /36 Ky mT RE A E T 5
FRRRE » AR T = B TR 2 HH B o T
FRL A/ N E AR TR AN - BB
152 o s ] RE AR 458 2 A KNP IR, 2% R i R AE I
P dedi P Hm ol > s R H)
Yy - (RSB SR T B P EE AR AR PRAESIR » [
BN AR B R BAREMGRELE - 57
EAmk - DUEBRBPIHET TR 5% B A B R
SEHEAN HY B A HE A B ARE » AER T
RE M P AR SRIB KL AT R 1-4 um HiTFE
o AR 2 8B AT e g Al IR
PR - RIBEfT A A R B R B S 3l
(R R EL S JFE -

PR % T et 9 sk 5

— - TR ST BE R
liquid interface, ALI)

(air-

A B BE 2 A 4 A U B B B
(transwell insert) 1 » F&H A [E M /E 2 E
BT iz B RS e e i R R o ARG

Wk Re SN BRI LR 67

Hg #BZERWES - HE AR AR
RE o SR SRR B R DIRK R M Ry B2
AR - R B AR S P R
o~ I ~ KRS R e - TR RN &
P AT A e T S (5 2 AR U R e A o il
BER o BPLRHOR AT A IR G RIAE (R -
i {582 PSR e R ]y — i (S o A B Ao
JEACHE i (primary cell) ~ E £ Al g
(reconstructed cell) » F: 2 23 B AH 7% B e U]
Frig vl fERE o DINPIR R Rl - JACHH
e B 2 T L 95 U)o A e 2R U T
3 B R AL - BRRE 2 B R AA e i A g
T BH ZE M B OE
pulmonary disease, COPD) -~ [ifi f#& #& 1t
(pulmonary fibrosis) 5z %@ (asthma) &
BRI E - ERPRGERRN S
YiEREESaHEYREEEENE - 2R
ZYVERGHRA ~ AR R/ A
EREARE & AR T R LE A
Fit DAAE SR - % 5L T 2% B3 5% e R ) B R -4
e SO BRIBIE Y~ TR ~ R
AAEH M Py o ] e R M A R S RS IR
2o Rl EE R E S ET] - R
NERR B B SEBCEE T T (H AR DR
A 5 2 2 JE B R B 5 2B E A B T
FER » BLS Bl v &R E 1 R BVIRY TG
HEEEPIRER 10 - EF FHMNAI1E H
Jivlae e BUER F Y LR M AR E
AL B USSR R AN A H S Al A ER Sb
KYVE A& Al ReE AN - B R A
EMEIET ZAHM - bR T SRE DU 2 I
» SHEE SE - AR R RES - A5

(chronic obstructive
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PR CMMEEA R 45 Wz % O - i
R JEE ] AR T » DUSR - 108 57 1 2 3 SR i 2K
AL EETE - SZRRI S AE B R A R E i
AR S - Angt 3B i B A P9 K2 A
B R B IR SRS b R - b ol A
RN YVVER RN ETREARE - 252
EOEESTNNG AU L F ol S SR |
MR E TR SRS & -

T BRI R (ex vivo lung

slices)

GHEN A E B B E YR58 s
S METTRY B 1 A EIE 2B E R
T e H 2 B R R R o W s S M LR 2
HBHEHE U Bty TR TS 8 R e A el Ba g A~
S8 0 AE 1994 A5G JE A i gk i #E 1)
Frzdefil O o ISt KA 532 R 5
B A B i 2 BT o S 2 AT B i gk L
o RIFELFE A (BN #E) - HEEE
/NG AR YIS - P B R/ N RE AR
N FEE SR E R 2 IR R BRI B S
MR » R R EIE - R BCE R UK AR
17 9% (o 38 R [E R Y 4°CER B 17 1%
= REMHEBY AR A - 6K
AEEHFRRY R » R B RRS
% AP Lm#EZEfL7s (biopsy punches)
B LI A/ N B ARS » BIA] 1T 32 M A
Ba o (HIL TR AR RN Y 2885609 5
S REEANE] 3 B A R R B —
B GO o HHREM RIS - K
AR Y A R At N E SRR RTE - 2016

- Hess % A HIMEME Wistar &% K B
Mg 5 U] Fr PRSIV B < WP Bk > (EH 20
TEARAIAEER A REIR AR 3B T s A A
LREEEADIM A RS - B 3 [ ERE=
[F) 25 HIEA 2 T g PR REAL ARG - BERE A R
192 st 7P AL - 42 B Bk S
o T e I g 2 U1 P el SR — B R B =
LB O -

=~ AR A (ung-on-a-
chip)

AR (primary cell) BESHH Y
(stem cell) FIT %% % H 228 E (organoids)
Z RS BT+ S AR R R
o B E AR S B EERN - |
iR Z ML RS Je R A F R - B9
RIEESZ IR « Ry T EHZR B DIREAR 2 »
WA DI s il (BISR-1
SRR B AM) B e iR 2 3
gt o AR R P R RT - FEET 2 ST
AT B A5 A Jidd A o IR S It e ~
B~ OD B~ BB R E 5T
Bz R T o 5 2R MR A YA
e % FLI 2 B O B S b
(polydimethylsiloxane, PDMS) 5% 2EE
SrBE BN REBECEE - 5X e IR A
JPELE  (extracellular matrix, ECM) »
ERE MM I (alveolar epithelial
cell) » "IN il 38 3E B 2= i L& 79 Rz #H i
(pulmonary vascular endothelium cell) » 15

o AU v B S SIT o4L1L7 F A HA ) T W WP



WOIRRE - URIE S S5 A A HIE - &
TN M A B L 22 W] {5 2 R R A S e
M B 2 S A PR AR e - TRl
BB 2 B ENE O3 - (h AR P
BN EER - RS E TEI Lk

SEEM AT > ZRIFEFR AR RRANE -
Fir o Al o MR 2 A AN A o A & R
R LI o FL AT AE BGE TE A TR B
o Eféﬁﬁﬁ’ﬁﬂifﬁf"—“‘iﬁﬂ%ﬁ%fﬁﬁﬁﬁﬁﬁ
I E - BZIEBE R B SEMTBE 2 -
A ERRPIE SR HE - R E R K
AR i A asat - W RS A
FREAY SE el b UM SD BB R ~ M
REER SR S SR R AT E) - B (R M E
B ~ MM P [ S e R Ml s R e
FERE - 55 H 8 2R AR e (L iy B
B2 AHeEE M E AR O -

WRPIRE 3 TR 25 Ak o o 3

1F 2007 FEECH REACH (Registration,
Evaluation, Authorization and Restriction of
Chemicals) JE#I AR - G (LEE LAY EE
i~ BFAL ~ FAE BRI T E R -
BRGSO A AR R S I BRI e
ST E A R E B AR 2 RS
WML a2 - B HIEZE S B
ThHE ~ REIHEE S A TS EARE
& - (R A Bk S R B B AL I S B (Federal
Institute for Risk Assessment, BfR) #&H&F
il TE H e A 75 B2 B AN T i 09 R
® o DU B8t W {1 3/ H e EL AR AR Y W R 5

MR Re S BRI LR 69

PG ER -
- H?“EZ ﬁfﬁ%ﬁ/‘fﬂqﬂﬁ%ﬁﬂ

Jackson % A 9 ffF g ih At &
EpiAirway #H % Ho S-S I 2 B R s
AR RoEr B AR - B EE R
Gy g bRz AR RE L AR IR A A
(goblet cell) ~ $EEMIM (ciliated cell) ~ &
JE Al (basal cell) K #ARAM M (club
cell) » 53 &M i A5 M ] B2 4% 8L 82 (tight
junction) szBRFE (barrier) TEE o fEIL 59
AL L DA SN HIER T R B i is A T
e e a s - Hh & R gEn hE s
PN o FERHERT Ry 3 /NEF - DUREARAY AT
TAF Ry e AR TR TEAT - A TE AR £ A
o2 3R IR R A (succinate
dehydrogenase) » {5 — B BLRfi i — R 5L
P (3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide, MTT) 1Py
(tetrazolium) #% A i H L BV E W)
MTT formazan » F§ DURF e 5 7l E 05 fide
{5 5 ) 52 2030 3 E R Y6 L 40 A o L A7 3
oo BB — 1 HMEE e TR A
3 > B 10 ~ 50 ~ 250 Bz 500 mg/mL Y
FE > &S EHES Y ICss (75% inhibitory
concentration values * fH % 7 15 R4k ¥ 'E
HNHIE 75% LUREE) BEVER: - 8 N
fE/ N ETT VY BRI 1Cos Ry - K sh
B A R Lk S M GHS ~ US
EPA K GHS R e Es B RAMBEEE
Z B—ZF% (specific target organ toxicity-
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single exposure, STOT-SE) HyZ5 4044 -
R SE TR EIYE M3 JETE Category
1-2 (B1-I1) =~ #2dhadBisk1G 2 ICs fHE /I
A 150 mg/mL JEREE » FHILPL 150 mg/mL 1
By Category 1-2 (8KI-1I) Jz Category 3 (8%
1m0 PLESrEESER YIRS » 3 BAS SR e
TR (sensitivity) FF ¥ (specificity)
&MY - BYULEFE 75% DB (R
PR 0-25% Z[H] » (BB IERATY 43-
57% A - $/REFFY)E BB R Y 5
MR - dESNABRRR KR E - DR
BIAT 0 AR B 15 B8 2 Wk 75 1 L
BB HE AR EAREE Bk
RSF) » R R 1T A B B AR
DLT » BES 1RSI TR S IR SR i
=YrE DR EE B REREY 2 - [HISE
TR - SHE PR B S S R A F R
e Y ERSE SR > BT 35 48 Hh B 2% i e
fifi¥) Fr BB B4 BT 2 R - W) 5L T 2% R
RFERAM - R G ECERITEE

17 E R g - oA A DA e A
TEREE - f7a Ll ikEs - BeSMPREE
i R B FH 2 TR AR 5 5 & AT
TAGR ~ ALY ~ FRENEI ~ (3
FeMagE 5 - F5 A M G R B —
THEHEFE AR O DR R B P B i s
KYL - IR HAR R B R EEEEF
BeRs AR AR REE B 1 (8 LU A RE R
BEEARNE -

T DYER IR E W S B b
Ry E

FEBEPIE B  (chlorothalonil) fF
B B b A R T g M A B S FH AR
BA &I HEEH&E
observed adverse effect level, LOAEL) ;&H
WP o g ME AR BB R SR HE AL T A (19 R
HoeREH 90 KENWYEHEEIFIRREER -
R EIEMEE I A g E R B -

(lowest

RO - B2INAER EpiAirway 1C;s EE)YBEAFER MK GHS » USEPA J STOT-SE B2 RE

Hegess 09

Table 4. Cross tabulation of EpiAirway ICss data in vitro compared with GHS, USEPA and STOT-

SE categories in vivo (1)

GHS M S P 4

US EPA Mz P08

STOT-SE 4334

EpiAirway IC7s
Category 1-2 >Category 3 Category I-II >Category Il Category 1-2 >Category 1
8/8 8/8 27/36
<150 mg/mL 29/51 20/40 10/23
(100% V) (100% V) (75.0% V)
22/51 20/40 13/23
>150 mg/mL 0/8 0/8 9/36
(43.14% ?) (50.0% ?) (56.5% %)

D BRI (sensitivity) @ B PERRAHIE Ry (5 MR AT EL B
D REEYE (specificity) « BEEREAHE Ry R R LA



S 1E 33 28 B DUER & 1 0 5 B 3 3R I
(IATA) 345 & A 88 W 0k 58 p o b A 4%
(MucilAir™) # fig &b 5t B PR 3 7 e 1 = 42
& RN & FH R E B (10 o EEE43
FoVO{E J& s & akal © (1) B0 BRAR
A fie B 5 FH I N 2 VY & SR IS SRR T
FERLA/IN » BUS B RE R AL E &AL
(MMAD) J% #% fi] 5 ¥ 72 {H  (geometric
standard deviation, GSD) » (2) fi FHEI &t
e J TRl TH IR P AR P U SR e e o B
K7 - HY F5 KWWk oz W g 3 2% 0 A 970 e 71
& 0 (3) FIA#E /i AL =T FE R
(A8 SCREI) KRG EHER & TIRME
(benchmark dose lower bound, BMDL) * (4)
DA S s & BMDL BUE A MERT
£ N EIWP IR ZE N E (human equivalent
concentration, HEC) » 7 $1 ¥ fifs £& & i
i R Y JE B A o

FH TR 2ERY T (F - e (AR K/
HYPR AW B RE Y ~ 3% g 2 e 2 HHJRE T I
BERIR B 2 VML S - IRIBTEFImE K
/N AEYIRE R A RIS R - R
PO & 5% DL'E 5 i B (spray
applicator) Jifi {F » #% % £& 53 A7 H 15
MMAD % 35 um * GSD 5 1.5 * {f& 1SO/
ACGIH/CEN #2#E » b5t 2 MMAD ¥{E 5
7~ o EER G P A AR N Y SR H S A
IR AR AL E » HE AR 53 78 A B S
DL RS Ar G PR - HERIEGRE RN
/NFERL S PR AR T D0RE B RE 2 F
i

TEANBE A R BN IRIARGL T - BHER

Wk Re s BREL REEE R T1

e 1A AR S T RV ER AT BRI
WA 21T Rl » R ZIH2HAIRE
AR ARG BT R - A B8 B B IR R A
LR yIEER & - ISR R B A
HEYERNER - EBERGSABNER
S o DIETE TR )2 kS R AR I
IR RIBHEE RSN 53 B ORI LA
b L RETE A LR I R S gl o i e
HIYLRER o BESRTHIAE XCthaE 2 B Sl
i} 7 W - S i i Y 1 RO B R A AR UL
5 - (EAE ST RE A AU 2 REH
b Rz A - B IR PR EE AL AR BV DI RE
LB AT AN e &S - 1 DAL
R R = B R B W SR AR T R A -
PUE AN HERE R Mucil Air™jF F
BB 1 e RS R SRS P o7 e
iz TR B A - Mucil Air™ 3k Bl
PAH R G AL JECAHIE ~ #B AT A e Rh
ffd (mucus cell) + 5 HH MK Z FRHY 2R
AN B o A5 2B FH  (trans-epithelial
electrical resistance, TEER) ~ Z. /% % & i
(lactate dehydrogenase, LDH) 4% S 447
X (resazurin metabolism) i B = TE{F
o B RS BRAL FE AR o R oW S A 3 5l B Bl
MTT MG R E R R B AL - TEER
Al IR B WA I R B AR b AT A G TR
et A BN R EE - £ 518 %M
A LR - BT RKER e c EH B E
EEA B RE - I GE T 23R
FMEARRE - LERHS B RHAE A = A -
AL HEH 8 T 2 [ (RSB 52 H I - o
FEtEE I o AR REDEAS R - FERHK
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PAFE e MR - v DU FH BUE e i 2 18
PR FAIAY EUEE 7 =N A B SR R
HWENYERE - OECD TG494 - {%3iE
R AT A R DRSS 1 B2 BB BH = E R 2 &
SRR G ORI BT R 9 - LDH 35S
ZIFH LA S R e A B R AR R
RO E B o B2 AT ~ o~ B
WL Befifirhr » 5 AN S % S e ~ e B fil
HHR RS2 5+ FLIR 25 N & I P R
EHAS - TEIE BNV E T IRE DU S
KB M MEREYE W (bronchoalveolar lavage
fluid, BALF) 1 Ry ot {10 2L 1% 2% S 8%
B AlETE MR EGREE - ERIEE A
A A BEHEIM 2 2 Mucil Air™ DA [F] 8 B 45
HIY) % B AT Ll = TEFEAL R 2 3K
Bs - KGR #r& < BMDL H -

=~ R R A B R 2

Fa AT

AR 1R A\ BIGASE 1 9 A S 8 1T BB 3 1
RIS AFER - ZRE AR Z R
I8 — R E IR P E WIS A =R
RREREASS |38 e T & - BRI AR

A2 &5 BB IR SRRI R - REHMPR
Rz E 2% EE (reference

concentration, RfC) & 82K € Ff 5] 1A %t
AR AMERBESE - H—4d 2 GH
REAF R MY S22E - RfC AR H R AT 5
#EP B NPR{E (BMDL) ~ fiEn] H 55 E 5 &
(NOAEL) ~ "IEZE|R B % i 2 i R &
(LOAEL) EiHfth#fefh a5 - fn R

e + B " ¥
(uncertainty/variability factors, UFs) 2K
WL B8 BE IR RIERME - B RHRZ TS
o R DR ORBRR RS2 HERH &
HES o BRI 2R R Ak o 8 () 7 A ]
AR EYEANBEZIBRERE - B
LOAEL %I NOAEL #{E } 28 KE#HH
PEEREESMIE 90 K E I B AS REFA
AFEfE G2 - BMDL G E #5528 1F B AAEE
NOAEL/LOAEL ff i E % & » ZIRK
NOAEL #§{H {# 5E Ha i e Al s s RS -
E R —RER A K 2 E AL B — [ e FE
B HefEEREBGTRE - BiY) ER
B kBN ERSE - B
NOAEL A= REA—HWHEN - —ik
o AR EY B EE TR - KE
HIRBURR AR S R RE - BEH S NOAEL
HE A4 - BMDL JiiERIA 23 B A £
IRy V][RI 15 20 TE AT PR AR AR
Batfd 6230 .

PUFETESE R Rl B B DY G SR M T2t
HER - fro e s ElER e e TR A5
T & fE . BMDL {H - A K55 80 &
(human equivalent mg
chlorothalonil/L  air)=BMDL {H (mg
chlorothalonil/cm?) + JHIZ 58 B AL A T 3
KIAAEDFER (mg aerosol/cm?) x FHEIR
fg 7 B2 TH I H 2 RIBIEE  (mg aerosol
/L air) o A R0R B K W 4 g I 0 K
¥ ZBENE REBRAREE T AESE
B/Om & dose,

mg/kg/day) » H ] s 2 52 I V) E DI

concentration,

(human equivalent



Wk 5 e A A B A 8 A 7 T I R e e
TR o i % PR S SRR i 7 =X ~ e A
Yy~ WA -~ fEfFimiE - A EE P E
BT e EE R RERFEEFERT - Bl
BB DIPRER C REE - BHBER
fi (margin of exposure, MOE) HI[}Z2 LA %A
FHERDIHMEW IR REE - — RS
B IRMELE T KRER 53 LA 100 FeBee » Kt
100 #FHi B R B ERZIEELEL
HEBEREREHEE RS & A AMEER
FfeHt - BOERAE N IR Y B B RELE E
PR 100 o bt B2 EE VY S SRR 2 2B
FH RS ST EEC A RE A S - TR KR
7% BL B /K i NOAEL S /5 & I R fiT
A AT E KT+ ML BT A
BB B0 & WP U 2 B 4 A TR B A

ek

i R ~ (B0~ EREEEH A
BARTAY) - FSHA - BB AR ]
ReFHEFRE - &R aElE S8 E
ARNRKIE - iH 258 & 30RE
(reference dose/concentration, RfD/RfC) k&
A X g H# AL E  (acceptable daily
intake, ADI) FUELH#EETSE » DIHERAA 2R
HARELBEFEWREE - EEBIBERL K
BTGB Y B e - mAEA B EEP A
M EAARNE - HEAYE R U
MEWRAE - DUREER B - S s
A E R S HEH B S - Ba R
MEYRHGES » BER BN BRI RER - 75

MR Re SN BRI LR 73

T ATT SR R RRAKIY - i 3l g8

BN & 2 TR L % - AR By
BAE - BN FEE AR EHEE R

(YR SERIS » AERRIER [ - FR IR~ R
W BY ) R B AR B R S A 5 H DA
A 3k B S MRV IR 1S 2 RE R BUE 2 > R
BB A BB AR - &
Ho A HSA B it P 5 O R 22 2 R AR B 52 '
e o HEIR nIARY)E < IR BE S IO
Wheag B A - (EZERGR ER M =R
HaPfl - AEEE IR R R E L BRI
JERYSEREIRT - Ry BRI S AR S My S Bl
FEREH o TR R CRABR R S 2 B Jre T
SHAIPIR R TG R aE R EE - BYL
HEWRRFREEENSEKE - KH
LM R BRI HE AP IR SR ER A - G RAE
HEBER Fe T 2 AN E VR M B PUANAT
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BB LT e BRI AT] ~ IFEE BN A
BRI - mR O REE RS - N EE
B R & & 2 IR 3 fil VI E A B VL
o BRI E AR RS ER
DIIRIRLEZ — o FERAVER FR R4
TP AME Ry A B 2e LR i L REE
FIHfEFRIIENG - R AA IR E ] T
A% - VB AER AR BIPIRR B
HABRRRA 8 - BT BIPSENY) IR R
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B2 B AGEEN AR 2 IR0
AR - A R R R S0 T2 KRy P
A AR R R B - HH T S
—HEEME SN RIERER S - BBR%
A]REE RN B B B 2 SRR E
R NN TR NN RS
PERYZRBT - e S SR 5 i 2
BB R T R E SRS BF %
75 3 i R 1 EE R ARG A T E B ) 1 3 K i
Bt nEREEMEITRERGETLZ
EREER 0 o DI H §i R SE B i i
HITE DL ERFE VB R BoRL 7K/ N B
DA&#: /770 (data bridging) HEEFEN: - H
R A7 S U A S i B o R 5 3 U ] 75
W S LKA SR S E o T E R
(kB P A AR e PR B A e e
R R RN SRR B A R
HIEE SN A B RS i AR HER B 1 3
MR - HRENC S EE B BB R
I TE AP A A R IR 3 B A B 1 T
1 » DIt 2 WraE 1e sl e B ik s i sl AT
ik <5 B 1 P T s 2 o Rl e RS R R 1 7
RE » MIEIBh T MR RAEEI Y B BRI I
TR EYE - REBEN IR ERE K
R R B R A B B TE M BRI T S
M IR FREE B — B (o T R ARG
NFZRGEE - Wi BRE TRk
(A s B A SR AR o (H BB AR B L
BB EEFHIIYE (In silico model) 5%
HEFCEHS EEEE ©  JRusHEY
B 3 B M O A T A A B B A - R
TR A iy 25 e B SR 5 5 U RS T VA A RE

[ BE R B EE - ERREAR
fEREIEEY -

E11ii'4 )

1 TR PEREZ EE - 2019 « RELURE
B o BRBTEE 1081489093 5 o

2 TGRSR B - 2021 - RREEHLE
FeprBREABEE R - BB 5E 1101490216
A

3. fAETRFES - 2018  fLbEAL B A L2
ML o FEE—FETER 10700045851 5% ©

4. Abdelkader, H., Pierscionek, B., Carew,
M., Wu, Z., and Alany, R. G. 2015. Critical
appraisal of alternative irritation models:
Three decades of testing ophthalmic
pharmaceuticals. Br. Med. Bull. 113: 59-71.

5. Balls, M. and Hellsten, E. 2000. Statement
on the validity of the local lymph node
assay for skin sensitisation
ECVAM Joint Research Centre, European
Commission, Ispra. ATLA. 28: 366-367.

6. Bassan, A., Alves, V. M., Amberg, A.,
Anger, L. T., Beilke, L., Bender, A., Bernal,
A., Cronin, M. T. D., Hsieh, J. H., Johnson,
C., Kemper, R., Mumtaz, M., Neilson, L.,
Pavan, M., Pointon, A., Pletz, J., Ruiz, P.,
Russo, D. P., Sabnis, Y., Sandhu, R.,
Schaefer, M., Stavitskaya, L., Szabo, D. T.,
Valentin, J. P., Woolley, D., Zwickl, C., and

Myatt, G. J. 2021. In silico approaches in

testing.

organ toxicity hazard assessment: Current



10.

11.

12.

status and future needs for predicting heart,
kidney and toxicities.

Toxicol. 20: 100188.

lung Comput.

. Bennet, T. J., Randhawa, A., Hua, J., and

Cheung, K. C. 2021. Airway-on-a-chip:
Designs and applications for lung repair and
disease. Cells. 10: 1602.

. Costa, D. L. 2008. Alternative test methods

in inhalation toxicology: Challenges and
opportunities. Exp. Toxicol. Pathol. 60:
105-109.

. Fisher, R. L., Smith, M. S., Hasal, S. J,,

Hasal, K. S., Gandolfi, A. J., and Brendel,
K. 1994. The use of human lung slices in
toxicology. Hum. Exp. Toxicol. 13: 466-
471.

Flack, S., Hinderliter, P., Charlton, A., Parr-
Dobrzanski, R.,
Szarka, A., Wolf, D. C., and Hofstra, A.

2018. Chlorothalonil a source to outcome

Ramanarayanan, T.,

approach for inhalation risk assessment
final report. Document number EPA-HQ-
OPP-2018-0517-0007.

Harkema, J. R. 1991. Comparative aspects
of nasal airway anatomy: Relevance to
inhalation toxicology. Toxicol. Pathol. 19:
321-336.

Harkema, J. R., Carey, S. A., and Wagner,
J. G. 2006. The nose revisited: A brief
review of the comparative structure,

function, and toxicologic pathology of the

nasal epithelium. Toxicol. Pathol. 34: 252-

13.

14.

15.

16.

MR Re SN BRI SRS 75

269.

Hess, A., Wang-Lauenstein, L., Braun, A.,
Kolle, S. N., Landsiedel, R., Liebsch, M.,
Ma-Hock, L., Pirow, R., Schneider, X.,
Steinfath, M., Vogel, S., Martin, C., and
Sewald, K. 2016. Prevalidation of the ex-
PCLS for prediction of
respiratory toxicity. Toxicol. In Vitro. 32:
347-361.

Jackson, G. R. Jr., Maione, A. G., Klausner,
M., and Hayden, P. J. 2018. Prevalidation

of an acute inhalation toxicity test using the

vivo model

EpiAirway in vitro human airway model.
Appl. In Vitro Toxicol. 4: 149-158

G. F., Lowe, K. M.,
Rodriguez, C. 2010. Chlorothalonil.

Registration request for use on low-

Kramer, and

growing berry subgroup 13-07G; bushberry
subgroup 13-07B; onion, bulb subgroup 3-
07A; and onion, green subgroup 3-07B.
Human-health risk assessment. Document
number EPA-HQ-OPP-2018-0517-0003.

Lacroix, G., Koch, W., Ritter, D., Gutleb,
A. C., Larsen, S. T., Loret, T., Zanetti, F.,
S., Chortarea, S., Rothen-
Rutishauser, B., Hiemstra, P. S., Frejafon,
E., Hubert, P., Gribaldo, L., Kearns, P.,
Aublant, J.-M., Diabate’, S., Weiss, C., de
Groot, A., and Kooter, 1. 2018. Air-liquid

interface in vitro models for respiratory

Constant,

toxicology research: Consensus workshop

and recommendations. Appl. In Vitro



76

17.

18.

19.

20.

21.

22.

EEEERIE 5 16 1]

Toxicol. 4: 91-106.

Maehle, A. H. 1992. Kritik
verteidigung des tierversuchs. die anfinge
der diskussion im 17. und 18. Jahrhundert,
Ist ed. Franz Steiner Verlag, Stuttgart,

und

German. 205 pp.

Organisation for Economic Co-operation
and Development (OECD). 2009. Test no.
403: Acute inhalation toxicity. OECD
guidelines for the testing of chemicals,
Section 4. OECD, Paris, France. 19 pp.
Organisation for Economic Co-operation
and Development (OECD). 2009. Test no.
436: Acute inhalation toxicity-acute toxic
class method. OECD guidelines for the
testing of chemicals, Section 4. OECD,
Paris, France. 27 pp.

Organisation for Economic Co-operation
and Development (OECD). 2012. The
adverse outcome pathway for skin
sensitisation initiated by covalent binding
to proteins. Series on testing and
assessment no.168. OECD, Paris, France.
105 pp.

Organisation for Economic Co-operation
and Development (OECD). 2016. Guidance
document on considerations for waiving or
bridging of mammalian acute toxicity tests.
Series on testing and assessment no. 237.
OECD, Paris, France. 19 pp.

Organisation for Economic Co-operation

and Development (OECD). 2017. Revised

23.

24.

25.

26.

guidance document on developing and

assessing adverse outcome pathways.
Series on testing and assessment no. 184.
OECD, Paris, France. 32 pp.

Organisation for Economic Co-operation
and Development (OECD). 2018. Guidance
document on inhalation toxicity studies.
Series on testing and assessment no. 39.
OECD, Paris, France. 106 pp.

Organisation for Economic Co-operation
and Development (OECD). 2018. Test no.
433: Acute inhalation toxicity: Fixed
concentration procedure. OECD guidelines
for the testing of chemicals, Section 4.
OECD, Paris, France. 21 pp.

Organisation for Economic Co-operation
and Development (OECD). 2023. Test no.
491:

method for

Short time exposure in vitro test
identifying 1) chemicals
inducing serious eye damage and ii)
chemicals not requiring classification for
eye irritation or serious eye damage.
Section 4. OECD, Paris, France. 15 pp.

Organisation for Economic Co-operation
and Development (OECD). 2022. Case
study on the use of an integrated approach
for testing and assessment (IATA) for new
approach methodology (NAM) for refining
inhalation risk assessment from point of
of the

Series

contact  toxicity pesticide,

chlorothalonil. on testing and

assessment no. 367. OECD, Paris, France.



27.

28.

29.

30.

31.

32.

33.

69 pp.
Pauluhn, J., and Machemer, L. H. 1998.
Assessment of pyrethroid-induced

paraesthesias: comparison of animal model
and human data. Toxicol. Lett. 96-97: 361-
368.

Pauluhn, J., and Mohr, U. 2000. Inhalation
studies in laboratory animals-current
concepts and alternatives. Toxicol. Pathol.
28: 734-753.

Pest Management Regulatory Agency
(PMRA). 2013. Guidance for waiving or
bridging of mammalian acute toxicity tests
for pesticides. PMRA, Ottawa, Canada. 12
pp.

Phalen, R. F., Hinds, W. C., John, W., Lioy,
P. J., Lippmann, M., Mccawley, M. A.,
Raabe, O. G., Soderholm, S. C., and Stuart,
B. O. 1988. Particle size-selective sampling
in the workplace: Rationale and recom-
mended techniques. Ann. Occup. Hyg.
Issue inhaled particles VI. 32: 403-411.
Rusche, B. 2003. The 3Rs and animal
welfare- Conflict or the way forward.
ALTEX 20: 63-76.

Salem, H., and Katz, S. A. 2006. Inhalation
toxicology, 2nd ed. Taylor & Francis, Boca
Raton, USA. 1034 pp.

Shrestha, J., Razavi Bazaz, S., Aboulkheyr
Es, H., Yaghobian Azari, D., Thierry, B.,
Ebrahimi Warkiani, M., and Ghadiri, M.
2020. Lung-on-a-chip: The future of

34

35.

36.

37.

38.

39.

WP ER S BR B SRS 1T
respiratory disease models and
pharmacological  studies. Crit. Rev.

Biotechnol. 40: 213-230.

United Nations. 2023. Globally harmonized
system of classification and labelling of
chemicals (GHS), 10th ed. United Nations,
New York, USA. 592 pp.

United States Environmental Protection
Agency (US EPA). 2002. Health effects test
guidelines OPPTS 870.1000 acute toxicity
testing-background. US EPA, Washington,
DC, USA. 9 pp.

United States Environmental Protection
Agency (US EPA). 2012. Benchmark dose
technical guidance. US EPA, Washington,
DC, USA. 99 pp.

United States Environmental Protection
Agency (US EPA). 2012. Guidance for
waiving or bridging of mammalian acute
toxicity tests for pesticides and pesticide
products (acute oral, acute dermal, acute
inhalation, primary eye, primary dermal,
and dermal sensitization). US EPA,
Washington, DC, USA. 17 pp.

United States Environmental Protection
Agency (US EPA). 2020. New approach
methods work plan: Reducing use of
animals in chemical testing. US EPA,
Washington, DC, USA. EPA 615B2001.
Viana, F., O'Kane, C. M., and Schroeder, G.
N. 2021. Precision-cut lung slices: A

powerful ex vivo model to investigate



78 EEEEERIE S 16 1]

respiratory  infectious diseases. Mol. Toxicology of inhaled materials, Ist ed.
Microbiol. 117: 578-588. Springer Berlin, Heidelberg, Germany. 556
40. Witschi, H. P. and Brain, J. D. 1985. pp-



IR AR 79

Current Status of International In Vitro
Inhalation Toxicity Test Methods Used in

Pesticide Registration Applications of Future
Chia-Wen Hung'*, Hsiao-Ching Chen', Wei-Ren Tsai!

Abstract

Hung C. W., Chen H. C., and Tsai W. R. 2024. Current status of international In vitro inhalation
toxicity test methods used in pesticide registration applications of future. Taiwan Pestic. Sci. 16:

59-80.

An Inhalation toxicity test is required to register a new active ingredient of pesticides.
If concerns about respiratory tract irritation or injury exist, the active ingredient may need
to undergo further subacute or subchronic inhalation toxicity studies. Such studies seek to
determine the dose-toxic effects caused by substance inhalation. However, inhalation
toxicity tests involve a higher number of experimental variables and uncertainties than oral
and dermal administration tests. For example, exposure concentration and particle size must
be considered in inhalation toxicity tests, and varying instrument performance as well as the
physical and chemical properties of the substances themselves can lead to different result.
Intratracheal instillation administration and other methods which estimate inhalation toxicity
via oral tests have been adopted to overcome testing difficulties involving (1) substances
that can’t be aerosolized (2) low exposure concentration. More recently, many in vitro tests
and in silico predict models have also been developed, driven by international concepts to
animal welfare as well as various test guidelines that reduce animal to use and adopt more
humane assessment endpoints. This article discusses the difficulties of assessing inhalation
toxicity and the current development status of alternative tests. The fungicide pesticide
chlorothalonil was used as an example to replace animal testing for inhalation toxicity

assessment. The data of field particle size, computational fluid dynamics (CFD), in vitro

Accepted: April 8, 2024.
* Corresponding author, E-mail: jppmmay@acri.gov.tw

! Agricultural Chemicals Research Institute, Ministry of Agriculture, Taichung



80 EEMESSERIEE S 16 1]

tests and the benchmark dose lower bound (BMDL) were obtained to address the research
gap of acute inhalation toxicity tests replacing with long-term tests. The assessment content
closely matched to actual situations in the field and reduced uncertainty between animal and
human species. This approach is in line with international trend of employing suitable
alternative test methods to provide hazard data for substances with suspected to have a high
risk of inhalation exposure.
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