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I. A &

BMD(benchmark dose)= 5271 o2 23} IH=E HE7}
A #EE o F8&d 5 Uoh o T ==
(exposure-response modeling)¥ 45 o]&slo] E&&FH+=d 1
=0l A9 A(quality)t =&-5-3 A S FE7F F8351HH, ol
< cancer potency factor® =& FAFSI)

EPA(Environmental Protection Agency, U= 3HFEH T )= o|EF o
o]H(quantal data)ol4]+= BMR(benchmak response) 10%E Z-&% A=
FHst de=d oy WEES U(cancer) H LR HIZTTH HH
(noncancer)?] AEHY A4 A -7 golh. A% TlolH
HsfiAl= EPA= ©ld F=ol o] AETHoE [osittal s &
o 4&st= BMRZ &RIst=S #Hilstal Sl

Benchmark AL 7|& AEL(adverse effect level, NOAEL, LOAEL
5) ALHY kS FEALE Benchmark value:s =&-4H3 Ho[E| 9] &
A mdgo] ZASI ZARE, MEI7|Q} =E-5H F49] 71E7|(slope)
£ AdyelErt. NOAELO|Y LOAELY} 27 benchmark values A3 %91
S % T ot #eEnt RAEA 9Fal wEhA AlRYARI & ¢ =9
Aolt}. BMDs/BMCs7} POD(point of departure)s ¥ dsh=d t 243t
& &5kl NOAEL/LOAELC] AMgH= 397 ot ol #2 slet=d
< BMD/BMCE &Qlst=d B83% 49| &-53 HlolE7l 517
gliZolth. AA| AFEele] ¥4 B7F Alol= BMD= &85l ot

tl=r OSHA9|A+= PEL, ACGIHOIA TLV, TWA, Ceiling value, STEL
T SEFHNAY =&E58&5E 7ol e idS ™okt ol= Y
o}, b= MRS B2 YEtol A ARESto] ARESEAL Qlth. A8 lE RO

e o159 /idE ofliet gol Aosha A& =EF, 2020). ALEE



(%ﬂ%é*l@ A B2 YIE QS Benchmark dose =8 3(1D)

B IAE HESE Y IAEEANA Aolstar A & PEL, TLV,
surface limit9] 71¥< OSHA ¥ ACGIH 9A AlZst= A9 9 7jdAdy
< WHYslo] Qg

L& UotH(CDC-NIOSH), B BAIFA ¢+ g 8AIZY] A7t 7Hs
BH(TWAS Lt

* TLV(Threshold Limit Value, 334 dl&&%). =49 37] 5
25 UEUY, 22775 MY SHEHoE RESETHE A K
= SEAE dA] ddFo] glE ALE AAA = sEE Uith
TLVOl+ time-weighted average(TWA), ceiling value(C), surface
limit(SL), short-term exposure limit(STEL)ZE &FHt}. EF0] oty
o opefet slehEd SOl dih b Egso] e 2HE UE o
AREOIESE JIQME R Folth Moz AFQRIo 7wkelH FAA E
£ 71€4 g9 1E5HA LAUTHACGIH).

* TWA (Time-weighted Average, AZVIsHEd4-==7]58). 19 8AIZH

AL 7€ R st AR SR TAYALS Fok 8AEL
E UE &2 et S, ARV 3dse 1€ 8417, F 404k

S RS BRAGI ASl BE DEAL Age] T AL WA

ory1 mjd vRESle] L E2E 4 9= FZTo|th

TWAEF AT CoTit GeTo ==+ Be o

* Ceiling Value(C, F1x=&7|5). L2271 1Y ZFIAHEE FARE
LEEoA= o He T



I.M%W

 Surface LimitSD), &ZFEH 8% Fof P82 Aos4 g )
W A8e] EY SE,
}_

r\l

* STEL(Short-term Exposure Limit, @At =&7]5). 158719 A
7Fe B =EHCEN LISt A BHEE7IE(TWA)S
Tobal SAZH e E7|=(STEL) olskel Afol= 13 =& A&HARto] 15
& u|qtojojof stal, o]HTt AJEf7t 1Y 48] olst= WAYstoiof s, 7}
LE9 742 60& o]idolofof gt

B

(B 1-1) Z 7|12 S8 -=4F(acceptable exposure levels)at BMD

BE

(Beck et al, 2014)

u Aol ALE POD UFs
A0l O &+
CE(RfD) Ee -
X J\I.Io OoOL-, O ’
RfD/RfC | - L =5 remediation NOAEL, LOAEL/NOAEL,
SELEERIOEHME | = = LOAEL, . .
(U.S. EPA)| ozt oiste mial o | 8 THES subchronic/chronic,
Qe IS 0E 2 BMDL |0 0| A
0| gtz A0l2t T

&, U,

= S
2H0| EX7|7E=0F O] T = A
A|'|:|O| = O ||_O|_ HE O:I _'_E LOAEL/NOAEL,

=
CEEHNE S Aot Uz FMZE

MRL NOAEL, [subchronic/chronic
fe suge e (HYiNL e ’ ’
(WTSDR) | o o s |V S ST LoAEL | dpoiEmols w3
ROl WS AeR | 2e=s (ATSDROIA= MFZ
wlst 2 SOI57| 23t sty
R B8

* RfD: Reference Dose, RfC: Reference Concentration, MRL: Maximum Residue
Limit(ZF o1& 7|&), ATSDR: Agency for Toxic Substances and Disease Registry(d|
HASX|E), MF: Modifying Factor
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Ol

E 1-1) A2

T HIE 93t Benchmark dose =@ H74(1I)

g9 POD UFs
EDIZt ADI2t H|=6tALE
O &2 40 AE8HS 0] FDAE
XZICH AMEXIES2 SN FE
HE QMo OAZ. ADIOf| safety
QHLiotH ADlE CHEEQ NOEL factorE 1002
(U.S.FDA) olist 2xgnt safe level | NOAEL | X% 0] safety
Me==RE Lleh factor= HAM&EC=
U= BEE dgUs HHO|
S Ojets Yaoz U =T = US
Atrol7| =Y.
=24 =22 S5 50
Zet0] Ho e,
LS IHY IFH= NOAgL | B B, mEs
24400 2 /0l =X | AZSH7IE LOAEL, A E=
= FEE. QU | HEH HES BI\/IDL’ CIO|E{H|O]A, Ed2t
LRl 2= JHE 5ol M (severity)
24838 ME kgd
sfetE2E mglE HaEt
sS4 S50 U=
ZEXHotH, safety NOAEL =7t ELlYf, M5t
marginO| AT 40 Z| - LOAEL, A E=
e 80| LY=ot BI\/IDL’ HIO|EH[0]A, Edut
HFe 2 U Y 5ol M (severity)
SN

I o

22 ol8% S4B

NOAEL/LOAEL¥} §7 PODE

S}

=

AZ FABRL QU

* ADI: Acceptable Daily Intake; EDI: Estimated Daily Intake; TDI: Tolerable Daily

et 7IEAE (FE1-2)0042 2ol
BMD&E AA|



(B 1-2) 32| TGoHM #EsH= YU/EY SHARY POD B

TG POD

OECD TG412 28-day(subacute)
inhalation toxicity study

OECD TG413 90-day(subchronic)
inhalation toxicity study

BMC, NOAEC, LOAEC

BMC, NOAEC, LOAEC

OECD - TG451 BMD, NOAEL, LOAEL
Carcinogenicity studies
OECD TG452
Chronic toxicity studies BMD, NOAEL, LOAEL
OECD TG453
Combined chronic BMD, NOAEL, LOAEL

toxicity/carcinogenicity studies

AZLAZATMIA M2017-712
|OFE':O| EA‘iAlo-lle NOAEL, LOAEI_

= EetdetE Al H2023-192
X

sfat2 ol Al 2ot 7y

* TG: Test Guideline, BMC: benchmark concentration

BMD, NOAEL, LOAEL

o] BMDE HE#TZAQA POD HIAFCE AXTT Qich
NOAEL/LOAELY} 2] BMDE #-&3517] o= A E Z2T0o] o
ek A A At7h Hasie 1=y obA FjolA= oo tigt ®Eo|u T
74 5o] ot B A= BMD =S Yt 24 E Aol 1A d®

of BMD2] 7Id, GLP &-8-Z 9I3t @ aA), BMD £4 T2 o] A7) 9
Hwd 5& ATkt 13pdxe] ojo] £ A= Eoh 44 BMD £
Aol FLst7] Yot BMDEAS 93t E28Ate] go] 73 E &

811, o B9 EEIAE AASLA S

rEH

[¢]












BAEAE Felela 1R A7olH Samd
BMDS 3.2 Z233}9] AaHHgZ YEHA

2. BMD &AM

) A8 2 dojele] A

EPA(Environmental Protection Agency, U= 3 E T =)oA Y3t

guidance® 7|92 BMD o] F33E Ho|gE A= sttt
2) AAo] ©-E BMD #4

.4\_ ]
"l

5 o] HlolEl e 7 HlolHE

BAZA3E Ef2 BMD &4 v 2 A3 B
hHE Attt

11












1. BMD EMZExX}

EPAQ] guidanceE H|E3F o8] =83 EA4dlo BMD &44XE A
o5l BMDS 3.29}9] A& X

1) Holg9] F7}

ol &Rl(hazard characterization) g2 A HA dA= E4 3}t
A e 25 AT #HE A9 AEsta E43) 5] fs =2l Hisy
A 7HsRt =4 HolHE ¥As] AESHs Alth. 97]ofli= NOAEL E+=
BMDY] 7|§to] H&= HE o|& 7S doly R 7P #R/go] 2 TEH
oA Fa-8 T= FAEY ALAE A5k Ao] ZIEH. 1] EPAYA=
Benchmark dose Technical Guidance (2012)& &3l BMD AW At
83 o] AlY Yl ¢ HlojE YEHI HHE dlolE HrF FS AA
staow, & AFoA= [19 MI-119 olsfistr] & ¥ 4% EAo= UE
Hilet. ol& &8 &3F-W8 EEPo 7P At Holy /3 € A+ A
Aol disl] AgstH o, NOAEL/LOAELC] €& Hlo]E] AEJA= A& At
&2 & 3% HAseit

15



2EE HUE

2|5t Benchmark dose &

Stop:
ENES == | H 22 g|lasls AS TEE
=83 [o|g7} 97 —» [BI0[EIZ 0/8310] NOAELAOAEL S2 PR Uil B2 wes 0lgsts Ao, BEEk
N0 |modeling® & = glCh =2 9x7t 27k
Lt endpoint U dataset0] SIE7H
maybe WAL
yes 22502 et Ho|He MEHH 22 «4E 22 850 AF0| BH7E Ee A28
o o, 0|2 2992 5 Qe B8 EiIUIEV% A=7R
218 FFA 24X HolHEL 5 28 « EfRRS] 2RO B20| U= F2aT, Hot
40| 28 O|El{fetal data)7t St M7(ltter LHlHI FJEIfH
=7t
(428 22 S28H02 Qojnjd F80| glTp || -
SHE 942 BOSK U258 Y20 2= 3 FLE(ore endpoint F2 HH0| #2 AR0lAe] 2
=8 ZU%(adverse endpoint2 MESEOE 20|35 92
yes l
1 no
38 8320 ALk | >
§870) 12 5o YuEoz 58T + 9ls B9 $7t Ay
) 22 BE EFEOAIT L5480 8% B0 UCHH ME==F(confidence imits) It 7 238 HBE = US
. 27H T2 model fit2 HE == UK, HF Z00) A E2L3 BES %ﬁcﬁ“[ﬂ Z20| 27 g2 = 0lF
229 = B dST} MET7HE FH| SfsfMs Ha D* B2 0j7f Ex{model parameterJE\ 23 2200] 200,
yes l
Al
Lap.ue B} AL S0 B « AHEOE SHSTH M2 LS WEo| wapt LEhs 20t S3-ES A7 ATk S S £
N £ 12fste)
S . .
otz « QO|E7F 3H2 2 ZM8sublinear) 22 ZMH(supralinear) 917}7
- B vael Bl 7Pte i BvROl Rlb
yes h‘ =20 AT HHS 0] BHEE|IE (Dataset A). no |ZRY2 JHEe EE of HET g 5 | conside
0|2 & 0lE{2HH 18H50] 100% O|2I7R Us »
. Or maybe
2ELEF0M S23 PO ghE0| BEY o o
% B(Dataset B). ——» |=E5L7 § Y2 12 dataset0] =71 —
Oj2EojojEi2td 1 ¢hg0] 100% DIgHZR \
/ or
HAZEMAC Hatst 282 2= 2 Q& 4t - o
D tEr e B3t 8%-450] IR HHSEI}BMRY Hl |consider
o= oleg] 13 i g2 ete =2 EHE(Dataset (. —
2T MT .
05| BEEZEM O 2 Z2ES0 st
ves 2aiMEe 22 2244 (model uncertainty)S 2
2{ojof &
Y
™8 39 H(model fit)0] 920 BMDEt » [NOAEL-LOAELO| ¥HSTTOIM {272 28t
BMDLY| 70| 7587k no dirt

[33 m-1] BMD 243 7Isd

(EPA Benchmark dose technical guidance, 2012
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2) BMR A€

BMR= AHE w= THolHAES BATH 9 AgEshd E4 4
BMDs/BMDLs 23] o] gt #do] =
response level &= BMRZ AEHA] S HXT §igt 71| AE 71|
3 QA Yt} v] EPAQ] Guidelines for carcinogen risk assessment
(EPA, 2005914 o 9194 71 91t BMRE &3l Atk BMR AlH|
Al detdos vEsiopd E 7HX| URtAAE A SharA; Qi

Autx oz #z 7153 HR9] o1etlow end)oll 7H7H BMR2 &A1
POD9] ¥&Z = BMDs2t BMDLsE 7] 93 7|22 AgEojxit. 3
=4, AlY, &2 STF0) 43 Ikl vhg ol W R85 8%
H g 95 o2 He olste] A4 B7HE gttt

Aol ot Foggy #EEE= BR8] HiE A4A(statistical
power §)°] 27| o] #EHA|Y 5152 AlE Axto] 244 Z17] o §F
< o ge & = ok BMRS A&

95| groli st

)

(1) 0]2& G|0|H Quantal(dichotomous) data

o|&3 dlolElo) thet FFelEd E= FEH AN tish vl E
£°] chemical ranking §), 10%2] extra riskE HFg3st W&
H

2 AMEE =T o]E effective dose(EDjgs)gt gt} o] HE-S

1T T T
)
g
b
o

Aol AFEEH. ity o s SetEd/AY/SEE 1Y Hie Y F
Zr(central estimates)2 7|HIOE 3= AHo] FH=TLh ol ZaX
(reference values) = et A H7Hcancer potency estimates)S
913t PODs?] stetgt(lower bounds)& AMESte= A3 iz



sUssNY 2 &

Ol

T HIE 93t Benchmark dose =@ H74(1I)

Z, 10%9] extra risk+= 3oM=d = ST v|wstr] 93t HFHo=2
o3 Hl°olH Y EEHEHI #FEoE AFHT. 10% ¥ o2 HIE 4l
A Ho s AMEECIA H=H ol WFEEY F¢ E HIYT A=A
(bioassay)ollAl &Y A AAY BAC ZHsH] HiZoltt. o] &

2 POD9 &9l 55 H3t 7]E BMRO| old& F2oJ3tt,

A=A AR X E 3 PODY 7|FHe & 5% oJsHAlE &
frank effect) &2 10%°]49] BMRAM(GIE E90] %7] AF a3 early
precursor effects))& EZY = Ut}

2= 10%79e] BMR(AYESHY 18of 7]4tsto])o] #= 7Hset HAW
of E017|% gttt A WA, HFEES AT Al HARICE A
A" A4 U FFAHL HA 5% BMR= A A3} FAFHA 1%2] BMR
< gHtd oz A5t QoA FEF 2 AR HolE ol ARE AT HHE FF
of shue] mdo] IS TRse WS "kl BE FHAY EF4HA
(uncertainty) =7t S7Itchs S G50 & 227} Ut} o3t 3¢,
BMD®} BMDLE #=35t 2bo](divergence)ol thafl HlwE 4 QUch ESF &
4 E84d(model uncertainty)> TloJE HeY off #d o SRRl

18



BMDS 3.2

Define Analysis
Analysis Name: ] MLE Alternatives
Fleque_ntist Flequel_ﬂist B Bayesian
Restricted | Unrestricted Model Average
Select Output Directory D 22w 3 2 0 K|w20224datawBMDS 24 EW Model Name Enab] Enabl(] Enable (] Enable[] |Prior Weights|
% -E—‘SH\O\HWU\-E—%* Dichotomous Hill ] ] ] 0.0000%
Gamma a a a 0.0000%
Analysis Description Extra Logistic ] O O 0.0000%
Log-Logistic O O [] 0.0000%
Log-Probit ] O [ 0.0000%
lti ] m] m] 0.0000%
Select Model Type Probit [] [u] [u] 0.0000%
Quantal Linear ] O O [] 0.0000%
Weibull O O O 0.0000%
Total Weight 0.000%
Load Analysis|  Save Analysis |  Run Analysis
Pt Option ; Confidence
Enable Set # Risk Type BMR Level Background
Harder_Degeneration_M 1 BdraRisk || 0.1 095 Estimated | v |

Harder_sngle cell M T
Harder_Degeneration_F M
Harder_Inflammatory_F
Harder_sngle cell_F

= |5 |&|E(E |8

ol

[2% m-2] BMDS 3.28 0|8

b 0|23 GO EM=H 473

I'

Option Confidence
Set # Risk Type BMR Level
1 Extra Risk | w 0.1 0.95

Extra Risk
Added Risk Set

[13 m-3] BMDS 3.2 0|88 0I2Y C|ojE2] BMR 2%

0|2 O0|E2 BMR typel Extra risk? Added risk & SILIE MEHSIC}

Z| %o BMD AIH2 o]E3 flojgo] £2 &8o] FloH, 5543
A1, 5, 10%Y extra risks 7F+ BMRZo] AE AHCrump, 1984;
EFSA, 2009).

EFSA9} EPAC]A] o] Blof wisf Zxst= %OF% th22]%k BMR
o et ¢ w2 —‘?'—v':_'— LA BMRE FEshd oz efzolal 7P

Hm
—_‘1
9



(%ﬂ%ﬁ*l@ 2 225 HIUE 25t Benchmark dose £¢ H74(1D)

o] Hr-g- WA A= Aol S8 T Utk EFSAoA = thfet A+
A3 BMRO| 5%4 1%ET= 10%Y W extra risk® A%Hupper bound)
o] SYgk(median)°] NOAEL¥} A5437] wiiZoll BMDLig2 AIFstal Ut
1]=9] EPA= BMRO] 7| 232 AAISHA] A|9t ofgfje} Zro] o] &g To]E
9] BMR& Z273dt= 71&& AAlsta At

+ o]£9 HolEoA= 10%2] extra riskE EECE HATH. 10% &F
T HEFCE Hwof AREEHIL AT fufstH o= tiEEe
¥ AEHH(cancer Dbioassay)E4 =L BHZFY AA=EHAA
(noncancer bioassay)ollA S Eol= SHAIG = 1 A9 #
o|7] wZoltt. Tyt o= WEAHCIY tE =29 Al disiA=
BMRO] 7|2¢to & 2-g5t7]of 2E5HA] %t

oo

N

o ZZZk(reference value)ol tist PODY 7|22 AESHE EAS 17
5t 5%°0|5Hd: frank effect)t} 10%S @=(9: early precursor
effect) BMRS AFES & Qth

» W7Fs W9 Woll S3k= BMRO] 10% vl B9 ot A4 &
HolA SAF AldYARIC] U= A4 E WIAFHLS g7-E 5%
BMRo] Agsitt. HotdtofA Algtel ol £F HlolE= 1%9 BMRZ
ARERth TRV E T 22 Bdo| Qle A%l FHA7F S
ot o] B3 % (degree of uncertainty)oll F-2JsloF sttt 183F F$-
BMD&} BMDL2 #egt ghiH(divergence)S ¥lwd 4 o}, Ahrh
nd ESA44E HolE e HYsE ol Sk

ZEH2og, FFSAAs S=ddY o9 dolEd HaiMe 10%S

BMR=, 943 dlolEo] tisii= 5%2 BMRE 7]&E4k(defaul)E HS
A o, EPACIAE ol&F HolE WA= 10%S BMRE, 4% T

2l

20



olflo] diside= HEL AHS A goy 20129 TES
Benchmark dose Technical Guidance©4] #&3FE BMRZIO®E tjx
o] 1SD#= g5t on EPACIA A2 w23t BMDS 32X 2 1A%
¥FZFo 2 1SD(standard deviation)7} A& =0} JtHE II-1).

(E I-1) HiolE] ¥ BMRY MH

- EPA EFSA
£ [0] = EX=
1018 =3 (EPA, 2012) (EFSA, 2022)
O|2& O[0|H
(Dichotomous data) 10 % 10 %
43 MO0y 1 control standard 5 o
(Continuous data) deviation °

(2) 943 H|0|E{ Continuous data

A%3 HlolE oA BMRe A o 7MY Ao s HAS AEdtdes
gt SEHANA Hagte] Wbt Sl A%l 1 M3EdE BMRE 4
+ o ARk Aol

AAECIHE AT & UL 7HA| o] A er HAgor wod
ttH, I dolH+ hybrid model& ©o]&dte] FA|H o]EH(implicit
dichotomization)2. & YWeER|AY g HAdgH(cutoff value)& 7|Wroz
YAIA o]&¥(explicit dichotomization)2Z UEtY o] BMRS °|&E% o
olElz AAY 4 Ath. FEF HlolH Bl FAIF olE®(implicit
dichotomization)o] HA|& o]&H¥(explicit dichotomization)Et} A3 =
=4l o= BAIA olEHolA= #HE FHE7F SAEY] diZolth

F2-8S alEsfjof & Hhg ol digt & ofolyolrt gl A%, d
o FHHolA T 2 EEHAHEE § W2, 9§ =0 4 17—}6(_ 3
£ 0.5 ZFHAPL 5T B ¥eE AREofioF gt

otk N

21



SQIEMAIE At B2E HTE 93t Benchmark dose £¢! S3(I)

43 tlolE 9] BMRE ofsh= ©l lo] EUY EFSAS} H|=JEPA= o
4 BHEE 9F3E Fsta Utk F 71 BF 54T 2A, & e
F94S gt Hske] Hrof tigh UukHQl gejo] 79kt A4F dlolH
9] BMRZ 3-&3tt}t. 18y u] EPAQ2012)= o|E A<4d dolgof tigt o]
Aol HIMo g 7455H=Y| ¥s| EFSA(2017)9H= o] 71Egko] digt &
ARl Mg R Agotal Ut A= 1249 8430 Het A& A4
H, ATto|A wjP 22 HEH2 BAZHCE |FAT £ JAT I ¥t
L7t RAEo=E TIEop|oE SESHA g2 A9 Atk

4
5% W= 7|Eztoz AQtsta itk o]&= "] National Toxicology
Program(NTP) AlE9] Holg& A& Ay, &, BMDLesdtol 3o =
NOAELY RARSIH= 24230 7|9kstal Qlth. EFSA= &3 & Wl B34
o] & U oA+ § %2 BMRS Agst= Zlo] A4ET 4 dokal o
ettt ©o]= 1SD9| ¥igt®E g5 BMDE AR&st= At FARE Aol

TFARE &5 Vﬂ oFet WS UetgEA9] off= 54 Hstof| dith
BMDo}F #EE AAHA 7285 22T = U3 FAF 2= BMRA G
g0l A 9] _1_34/\}651,} #Ho| Sl = AUtk oFFHLE, BMRE AR 4
AL Aol A o] A A Q1 RAE-9] TS HHgst] HEol, BMR= He
82 FAHE o ® ZheE BMRO| 98] HojH 71 &2 Aae S
s5t7] Yslf A9 ¥&o] waE HAW gtolty. BMRO o5 BFojH 5
77t #EE dhe HAE Holue 4F g A77F RPE ==5te dl A%
QHA] o BE a1Efsfjof qttt. AL FHolEo| tigt BMDE A9 wj, EFSA
—+®2)(tiered approach)S HATI}.

)

]/l

Tier 1: ¥%™(endpoint)] Wl ESHH oz 2u|d=(biologically
relevant) BMRO| o|u] &gE|o] QIE=X] of B (cfl: EFSAOA] o]Fof ALEE
A=A, FAFOZ FAEU=A 5)°F I gho] ofHs] HAJR ofiE 1L

22



ottt o]#et BMR #9 =& #HE A € A3 JEE ZF% EE
2 Dekkers, de Heer & Rennen(2001) ¥ WHO(2020)2] 7Fg=oA 3t
= T AUsYL

Tier 2: ©o|"] &HE BMRO| gl ¢ A7t 18E B7PHS0 oigt
BMR AgS d77] s AFHezE ‘B=rdQd  Yu|(biologically
relevant) & A 9|sh= Zo] 7Hs7tA] iLefsfjoF gttt BMRZ #7194 o]-&
7155t 49l B (d: AEAA] EE(EKE, expert knowledge elicitation,
a3} 37] o]&(the effect size theory; Slob, 2017), ¥1gt&E HES-9]
1SD(US-EPA, 2012), sto]E2|E HT A4 E= 7|6 Fo)2 AMESH] 4
o &~ glom AESH IS 1St o] BA A= A8 HAagt
e & & gloy B89 fE(level) AET o ATt 7HFRTE wEbA]

AEsHA o7 9u|Qle= BMR2 3t H(single point)°] ofd HAR HA|E
Ly

o,

ille
2

SZ00 dis] Solt BeshHoz 9ud

(health-based guidance value) A& AFEA = U HHWHO 2020).
AESHE o E 9u|l= BMRO] A= T340l gl AFol= A AMEH
AA &F MEE TES A Y5 9T E4(sensitivity analysis)O]
ALESto] T2 2AFE & ok AAA 2 E(a prior) ABE o2 BMRI

Ef &FHT YAY =2 7FsAol AUh
o] AH+= MOE(margin of exposure) HYE AL o 3712 18T 5

ATt

23



(%ﬂ%ﬁ*l@ 2 225 HIUE 25t Benchmark dose £¢ H74(1D)

BMDS 3.2

Define Analysis

Analysis Name [Continuous male ] LE Alternatives Model Averaging Variance Models
ist | Frequentist
|Unrestricted
Select Output Directory ‘ E‘Wﬁwc"i’EWE?N}I\WZUZZ\W&(&WBMDS EXEED E,..uj fi ] [}
Analysis Description Std.DeviNormal;Non-constant ‘ [
Select Model Type Continuous -
Load Analysis |  Save Analysis | Run Analysis
Datasets Adverse Option Tail [ Confidence pplies Only to Individual Model
Enable Direction Set# | BMRType BMRE | Probability | Level Polynomial Restriction Distribution
[g] ALB M Std. Dev. ) 1 | | 095 | Tusedataset adverse direction ] | [Nomal =T [ Non-Constant~]
= ALTM . |
@] ASTM L
2] BUN.M
2] TCHOM

OII

[28 1m-4] BMDS 3.28 0|8

(01012, 2022)

b 148 BlOE BAXY 4

I'

Option Tail Confidence Applies Only to Individual Model
Set # BMR Type BMRF Probability Level Polynomial Restriction Distribution Variance
1 std. Dev. - 1 0.95 Use dataset adverse direction [~ | Normal - Constant -

L

Rel. Dev. Set

Abs. Dev. i

Point

Hybrid - extra risk

[23 1-5] BMDS 3.2 0|8% %3 OIo[E{2] BMR 43F

(0]0]Z, 2022)
A= HI0|HQ BMR type2 standard deviation, relative deviation, absolute deviation,

point, hybrid—-extra risk & SH4E MEHSHT}

At ndS Aead o Aoste A2 E4T Bl AEste Zow
olF|E= BT A A AR RES ALY WaslA UX|5HA]

xo, [
lo
A

[e) LA
3§, Hk3-9] Q2 T (key covariates) °|

A= Moolgavkar, Jnudson, Chen, Farland®] 2874 22 =

1
ol
!
e,



(two-stage clonal expansion model), Michaelis-Menten model9] %3}
I 5ol =, FA o= thdA Weibull 9] vhg A|7E HE A|H
o] 3 HdoA Fo A BA| AF 5ol ol sidHt.
BES 7 Bho] gl A9, 8-S UL F2 AR 7H5 o)
A < @A "Hh(curve fitting). A &F-5H&
& UlAE e $39) HolE A= 2 APgAloE Qs =
d AS T2 A OW et Bt
Q = q.}_g ;G.Q_o]

)
o,
)
L
ot
)

g
o
=
o2
o H
e,
-111
oE
-lN
)
fu)
ol
é

>,
N
or f
et
pac)
i)
)
o
m\:l
jat)
10
o
=il
=2
R=)
gl
2
fol
ul
l‘l r

|5+ EPAQ] RIS ZE 10X % %l‘s_r** tﬂOlEH %*

B 9ol dPH o= oA mdZ A

A RHRHARE g A o4 2d @E&)% 2o 9

ojglof| tjsl &3] FAst, 1 A2 o &F-whs 24 A

o] Ut} E AFo|AE PODE AMESH BMDLE E&31]
= dlojgo] dish 2d 32 A, pd ug 2d vy 9 AF

of s FAFste] 7|53l

e} 7
.
i
9

d

o,

|

<[\D)rﬂi
—_

= o
o
L

O X ox P oo .
e
i
o,

3o S o

X,

Mrooy o

(1% M o
ol

ot

(2) 2& e

glojgfof St 2do] 7] Ae2 I ST (endpoint)S EsH= &
kel 43 diole g AAsted 289 AF yARlol ot 2HHE ®
&t 2oyt s Wiz ghol et £ Aok ZZ(constraint)}S T
oF sl A7t 9oH ol BY A= IS vH 4= Atk wpAEo R,
o o8 FEHLE Zddsh= Aol AT 4 Atk 4749 4o digt
-HHS BAQ] 7t SRR FHZE TSyl dieol BMD A4kl Ab
o gt Bl A ES AAste AL BV ol &9-98 Bt
gt 2% 29 2 BMD/BMDLE AE{g of "z
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(%ﬂ%é*l@ 2 225 HIUE 25t Benchmark dose £¢ H74(1D)

\|aas2 T
7h) ZLUXO| Q& Type of endpoint
SUHS FHSH=

~
il T

I 22 A& HolEolAY 79 W &
o|glo|t}t. 1=yt &St Yol oA =
S5 T AH B7F 53 Zo] HEg et YAskE 5 HIe
glolg 7} WA 4= Ut

o9 "= Dichotomous variables ©|:&% ®¥=o] tigt Hjojg= ¥t
Aoz Fo7 &% = =& 204 Fo% 24& U= IAE £&
(fraction) = WE-E&(percent) 2 HA|=HH, 0|23 Tlolg RIS & 7
Foll= Bt 5 ARSI ottt FURY B dHbHo R ogistic,
probit, Weibull 53 &2 &Y X" (probability density model)<
AEsta 091 855 2ot 7Hsst e 850 s 07} 1 Afele] A&

)

o]

a7

<44 WM Continuous variables 943 ®Ho| T3l Hlo|g &= 28 H
w3 EE HAHEE EFAH)E EAHAT ti2o] fist BEs E= 7]
g o s HAE 2 ok 2Eg 9 THoA

FHi= 7 Hlolgolot. dxb]l ol2d ¥t e A%

o
o)
=
S
.
2
)
Ny,
o
S~
o)
oo
ol
—|—l
)
g
=
i:
e
n)
i)
i)
N
N
i)
Fo
ol
o
A
os}
=
=
o
e
ON
ol
ol
Ir
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NS ERT ¥}, 2 Bt E&(fraction), FAA 7HA Y
HZ}o] EE(fraction)® HHE T, Y 2 ARRSH 4 9t
ARl A%E Edol= o4 Ed(polynomial model), AFAIF
(power models) ¥ Hill 22 (Hill model) §°] Ut}
 HloJEl& o &2, BMRS 9153 LA &4 =5 o149
S7F = 7MAIS] vleE Aostd, A3 ¥WeE ol
AT I8y o2 JH &4E 2YclEE dMr{ o= ujs)

Aol Ztt.

f

{0
re,
_11*>

2
1

o] 2 Gaylor?} Slikker(1990), Kodell (1995), Crump(1995)
I 22 stolHEE HT WS ARESh= Aot ol A%
=

£ 221, ol RRE 2454, 9T B 2

i)
ol

o
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o
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Lh) A® CIXIQ! Experimental design
nd Ay g A gl AMed 9]
9] Z92AEH(clustering)o] ZIHETH &9 = FHT
H<(parameter)2] ¢+ o] it} {F-H-S A9 AA
t X i) e dRtyo R &3] FE
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CH A £71 Constraints & SHZf covariates

|- REoA dutd o s Aol FEohA BdAdE ety 9
FAH O T 7HsSE W7 g NIEE Algkshs A9 aEsoF & 4= Sl

o323 dHlolE 9 Hdo] tigt At EE0] 1Kt A4 k2 FrE Al
StelthE Holoh 18y e dA2 Bl E tE Bt Aode F
ottt A& S0, dFES AEH HolEe dolRR Folk g
HoJA A& ko] ST AloF 2= &St E S Ao gttt

OE A9 §3F-9h3 djgl o] BEHH gy #eo] v B2 54
H5to] 4 &30 met §go] 94X EA FUHE AoR AAHT =, o
=2 §3°] ¥ ¥ &FH BRstAY ¥ & H3E yErdoh webA B2
71& Wgo et 2dE 9E2EA ARG dE =0 tdA 24| ug
oA miZHT= 71 ofd & ARtE. ofH AgoA= GR2FA ¥
T o2 HAFHAAY 1187 Hlo|

e
il
N
XN
o
me,
A
)
rr
__rd“
2z,
i
gD
—
N
2
o,
i)
2

olr
L
A
ON

ol
£
=
(g
i
.0 O
)
iyl
2
s
N,
N
oo
ot
filo

o

3 21 =d= EZE(: Weibull &
A)oA= A8 w7 H(power parameter) #f°] 1 B9l W2 &3
A &R FAY 71e717 WS- 7htEA "o ol B7PAAE ui$-
oz} Aot ttHo= EHE WY HolErt 2A4AY Wk sE():
Michaelis-Menten 4|9 )& UEtH= A2 &&F o] ofyu g | b
To] AAY miiESE Al Qfstd HolE o] 7MY AddstR] gAY B
oA ¥H8-9] B4/ (uncertainty)& A&sH B7Hd 4 ity d2F o
2 BMD EdEdg2 dutdo=s mie W2 &0 = 4ol ShA] 7] uf
o, 71 Y&(origin) <A AF HAF ZD(unconstrained models)?]
Al Hol= &2 71&7] 11 AAl= 2240 A7 ofyt. vhHe| o %
o= AAY w77 1 v|etd of Al4kE BMD ¥ BMDLo] Hi¢ @2 &

Q.

—_

)
—
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(%ﬂ%ﬁ*l@ 2 225 HIUE 25t Benchmark dose £¢ H74(1D)

UtE ol= Holg7t &%F-9h T4 sltllower end)Z AEHoHA] gr=tt
grggith dg S0, BE Fo 839 ¥Hg4F0] BMRZ *@3}
Hy(flagstAU L-2(shallow) Tlo]E] AﬂEOHH Ex BEA 7} g
. o]&3 dlolEoA olzdt Ago] WAst= HF, Ed A ¥
100% w9l 73 789 wiZiH(power parameter)oﬂ gt Agto]
WeibullZt 22 @S ARESELL 4ojR=H|, o]= o] Ed2 100%
o] ZA7|(plateau)oll =gstal thFES] KAy ZETIHo= o]t
< 7 FEF dlolg] dig oE Edo] gl7] wiEo|th. e,
H| Ak B3 AREolH RG-S HE W3 WAYok= o W2 8RS
glolE 7} &8 TS FE5HA] ¢7] wiZo] BMD7} wl-¢- FAES
AU o242 2= BMD7l A BMDL#} A Fof &7 Ato]o] U=
Aotz o ZdZ 22 5 Utk g2 of7]o4 AikE BMDE A9
mdoat 9]&35tH A3tk (goodness-of-fit)= 7FeA FoA A5}
Tgol HA Erh 283 AgolA ET AL Holgrt &F-T-E B
Aol tHet 583 AEE A9 AlTHA| et Aotk oAl sfiadd
< AFolA w3 &F ®IflolA F71 TlolHE st Aot

Lot K

[ m
20, oo o

oi&
“é_ﬂiﬁﬂ
b oy A x> o oox R orfr

dhu

2 o o] - w7/ H(power parameter)E 1 oA
Agtel= Z& 1#s)oF SHBMDS AZE0]9] 7|EZHY). 18y
zAFgoR Yeh:s ZL HAF H2dE(unconstrained
A FHasymptote term)= ESHSI= ZE(9): Hill ZE)o|
¥4l BMD 9 BMDL #2 ALY 5 A=A AFE &lsty] ¢t 24
7F E835ith. %A At PODO|| dish the 2d FA& A SfoF g
2= o] 583 AHE AESHA] X Aol™, NOAEL/LOAEL <
Holl dlole Axfet g2 HAZE YA 1o EFstal o] ek HEH
T Esfor gt
FEY wdo)A Hl7 o7 (background parameter)= HEFHE=
A7 AAEZY EEHA] ot IAT o e TS AT = T

=
(@]
0.
@,
HH
rlr
o2
™
:
olt

Ol

ot
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o} Wi i) ghe 028 v Hslo] 243 al
& Atk 28y AlEEEY] EHA goH 733’—}7} AR %42 Ao
5ot ¥ g& 002 1gsh= Ao

S
=
=]
=73

ol

mdlo] “HX|(threshold)’gh= &0l& H&dl= A2 YHHFOE BMD &
Aof|A AFEA] Y=rt. wiHS 7} RESH 9 g27} otdoz &

T35l o] golZ Q5| T5S & 4 97| W&ot ESE tiRE] HlojH
NE+= o] 7S 9 ¥ Af-Z(degree of freedom)2] &4 glo] 44

S %2 4 Ak 2 =24 w9l S LﬂTa

nege Y JAE ZFAACK & Eax: glon o]Zgh
ZF5t= Aol 5-&H

ZF Ao sH 3 (covariates)S EFst= A2 SF-HHS 2dL mgd
o viEHlsit. olE S0 @Y 54 AldoA AdsE HolHE RUgE
o 4HAF 5 SHETLE ZTAZ|AL QI & o2 A= Ayl I v
Aoz Oﬂ’“ﬂ AAEd =& ATAY A & Ae B8 HZE
AP, 553 (parity))°] ZIH AT} Hojy mEgolt}y. FHEo] SHo I
F= M '1% A5 Edo] FHFE Zastd umA EAkresidual
variance) 2 & 9 WHE= AYste] AA FHX 9 HY=E FHAE &
UTH A AEEATE AX(HIH o R) Aafo] FFE VA= He W

(3) 22 HE Model fitting

g ZEAMAS His He Y #7iHao] otk g2 2o 9¥
(fitting)® Zdlo] sig HolHE 7Fstt & AYstes oh= Zolth ol&
‘gtbu|g F4(parameter estimation)’©|2tal gttt o]E BAdot= S 7}
A L BE /A d4(EA 4 (objective function))2t $4=9]

A Hagh(&E2 A 2ol 48ske mizisgto] dske a9

31



SUSMANE 2t 2L MUIE T Benchmark dose =8 H7(1D)

Agste $4L 714 BE dol8g A¥ste Rolt.

1__

52 t(objective function)E /35t A 3st= 7Y LubAQl =

o
= Fd *x ¥ (maximum likelihood), ¥IAE FH4A AFHE

(nonlinear least square) ¥ YIS} 4 ®A2A](generalized estimating

equations, GEE)o] EFHT. B4 4] 41243 2ol 543 998
Td Fuol gojg /Al o8] gy YYD dojy Fdo] B
ol % Aol 92 A% ek 1 WAL el dlolel SHa T 7}

Al ARt At @A ool ZlestRi.

o|&3 HlolH: 7Ht§7—§2§ =HFo =2 AHEES ATt &4 o}
o] vkg-S Aesket FF7F oo djgeitt. of7|A ¥hgSleE s=<
£7F 859 k2 jioﬂﬂ“ U SE(probability)® 34 o|& Ex&
(binomial distribution)E W&ttty 7}45t= ZAo] ] &o|t}.

A& Wg @2 A HF2 HH(Gaussian) FE= 5

(log-normal)E W=t} W7 AT EAKconstant variance) 22
At BxH BF Aede Hadete A2 $E(likelihood)E ZHHS}
k= A Z2oH, ol A& AlFHo] A&5F ¥polA A AHEE=
o|f7t H7% gt

Ft| Z(maximum likelihood)= dlol8 &32of gt Al 7H<S
d 7 U= W 54 FE Feshs gErQl WlHoloh YR =
% A= J2H Bd(asymptotic normality, 58 F34 24 o
oA 27] "ol S5 7Hydo] dEdes A 7k e 4 34
oz HAY S=E HIst= F7 Bt

524 g7t #EE Holy g 2d oS gk Abe|Y] Al Aol el H
Ay F 4 Al T (nonlinear least squares)2 #&FHo] EHA 9l %Y
Haeof] tigh dukA Rl o), o] Mo = &3 B e /E &
=39 Aol g7Fo) wet dAstar 73ttt o] 7Ho] 9wk (YRt



2
lo

9] 4to] ol gt %] 3
s AsE AT o) 5= Tl gutst

H(eneralized nonlinear least squares)°| 2% 3

Elo] EAto] AHEE & Slnh o] W2 HEE oy 7t Hojx

RS BEy AHY 4 Qe 490 B3] Ayt

ol ofl
(e R

e e
ox, P

ol

2
Gl
Al

oo

R 0 otk Al A FJE A
likelihood method)?} GEE WO 2, Hat, A 2 EXH glo]g 9 X
A A (correlation structure)¥t 2 25ttt GEE WL vHE &£ 40]
Q31 ZAPYFEE(asymptotically norma)E W2 B4 FHA], BF
A} FAHA 9 B SR AHAAE AS ks FolA o & ]
Axet ARSIt dubd o= T 31t Hloly R@ol 48 o A
GEE= & LA A &uow 5714 GEE= HHiAN7] Hlolg oAl Zoj
=H/do] 49" FHE Aot H F= AREHSIH olFe W
AAF A4 & "R A7 g5 HAEA AYstE A T HHE X0
s Ao 78 Aol

de At =2 Pp(objective function)7h BRIEH Zd Y
(fitting)= AT " wiZLE A= o AolA AAAR] A=
AA " (fitting) o] ofEA AlZE=A]o TS ZAolot. dRkE o
ZEJo] T wiZ/fHS gholl Wig 7] "FFo® AAGH. o] 52
THotE 479 A A5 f5) vHEH O R JHolEHET g2 B
do] gl 7] w7 gk Al ECA tHE-ES] Hloly N E°| tigt
2 FHAE s D8y g5 2d 9 AR oy N E+& Zdo]
7] Aol 7] FholA o8 F50] B8 4 ok ¥¥ A HE 27|
FSNA e FHARE TG

o

% shipgro] “HA 0|tk Ao wet thE 271 e AlEshy] 98 ThAp

)
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(ég};gx@ Ay g8 HIE I8t Benchmark dose =@ HK(1I)

(4) 2#0| HO|EE LOtLt & 2FsH=XIE &7t

Aokt ndZ AeEsty| 9tk $8% 7|2 Edo| 535 BM A of A
glolgof tigt Ad3t 4 Alssiorstti= Folth. dFE2 ”Ja(flttmg)
WO ot 0 7 At (goodness-of-fi)&2H S Yl HE p-7E ARE
Sttt ol mdlof o3 ASE= &F Bato] HA &F BT Aol
£ Aot A2 p-gt2 o] SHAR] A¥: sARe] 2488 7ol
won Aytxog 7 wdlo] golgof AestA] 22 UERHT. BMD &
dee detdor AdHO HEAS Zol= JA IE AG(curve-fitting

exercise)?]1 BMD AARSE 95 dlolHE HdstA Zdgst= Ao] 8
stog ok dwkAQl kel 0.05°14 0.01E = 2=0.1% A}%}Oi Shins

o THet WA (critical value) A4SHE Zlo] £t} dleojdos 4 2y
2 Hzste A8H o197t Uk A9OlE o= 0.05 Ex ¢=0.01¢ 1
% 9lth, 2] B2 maSo] Fastets sHgste] $45] o] Bez

P-32 A2 Hud 4 glow AY Avel JX|she mdvh Sl 4= 9l
Rdof ARppel 2 85 Md2 SLsHATE A4to
5t} o] A8 &7 9 7E 3HTY ®ele AR YRl 7 Ao 3
Sh= TS5 e EEoA Sttt A vjaEHo

Hdo] glojE EIEOJA HX| Oix]‘j}(‘ﬂra}/ﬂ A A9 p-#tol 4F
A7) ) T &FT B IF e UE £ U= o Aok EZE EHS
UL, RS &G veE & 5T 5 AR AT

2= 9Jt}. o]#H3t AL @%‘E(goodness—of—fit) S Al A]

T JAR AL (fie FYHA A2 soF gt o2jt
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21wl ojs) ARk AR Teshe Hde U
HEHos FHNS YT 4 Uk 29 PR A2 P40
S oleiE g2ue el EE e PEos 4wl 2479 s

A relslel 48 2349 og 8Uck 24 B2 489 £ %
g er 20] e AR AFOIA AHAT Teht ofEjdt FE FAL
AY 2] der 29 BEAYS] JFS HPH: o =80l B & A
g Z.go] e YU TR AWE JHAS 4 YODE P Aol
il
3

A5 Mg md AEL Moz A2 W] gg 4 Aol
Eol, 2A2¢ mdst 22yl U % ol dolHg

WrAxoleh). olwl WiAMSTt A% 71Egto s WAs] dAvt BE 5
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(%ﬂ%é*l?—* A B2 YIE QS Benchmark dose =8 3(1D)

& AlELolt. dlE S0 21 2A|AF, #F0] 00] obd 211 2AAH,
DA wiFo] 00 ofd 271 BAAEE BT FUet BE A&+ +4
Ho g 75T 4 Stk AT A= e BdE vustes AA A ¢
uth E3] g mdlof tigt AL p-gho] &=rhal djA HIEA] p-Fho] ¥
OE RdHng o Agdsit= A2 UetWAls %=t BMD Al4to] AR
g Aelsop g},

Ao A}L5}o] z7} uH7H FE F 36}04 4
BE grlet 4 9t} o]dt HIAEL THE A
| 2P vwsls o 283 5 Qirh

=2 HA

wARE SEHE digh & HlolE NEZF e A7 2F 1Y At A

42 =+ Ut 2 HolE AEE d9cke REe g 4 Atal 75k
YT FH O EEE AREote] EE Ho|E7F ARl A - ol BMD
AL AaE HaE £ Stk E OE 18 AR B R HoldE %
F= 7129 A2 BAol A= Aol olf % 1Y A} F ol A= A
GoA g2 BdS AREste Ao ditt Ag4doz HFHoME o "t

(6) BMDLE ¥7| st AMZ|SHA (confidence limits)2] AHAt

Foi7l HH(F, BMD)I ¥id & digt AF A= dire

ZE O H7A A AE=A ‘EJ%E} olHF s doHH 54 2

SR Ak S LRTIS AgelioF et oj#e TR &

€ A% A=A sty Asl HAESoF b wEpA 7]

BMDS #i7]#|e}t o] & ZAshd THES 24e AZEHolE Aol &
s

d3] A" Z2IRS & EAsE Aol v st
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BMDLZ t}2o] o5 AA =t}

+ BMR(JZZ3} vlmste] A 23" 529 Wap 2l

« ASE =4 AXE &5 fglolg o] FAESHA T mdE HAsi)

s O B= F= A1F 3H(confidence limit) W A1F] $2(d: 95%) A|F
« BMDo] tigt el 9 5Ust 4 HAXE AMEoto] AgE BMROJA 4l
g IAE AL

1
2d NES DYt ol &
=0.05 E& ¢=0.01).

« 2d3} Ho]E Q] XAHresiduals) ¥ IHIZE AESIY F-vhg A
o] Tl ALY BES A AWslA]| Eol =7} maL wiA s}

s Uz BdL Agto] gt g 72 54 71&S $E511 golEE

]71—7<4 oz A ?J-o]_ug o]_g;a o2 BMDLS 75_ v 9

h. BMDLS Agsty] gt vsA] 7% FAF o thd gojHol
718302 ArH,

« UmA] 2de] BMDL #4407} AE 29e] Sug JaFe whstA o
T FES DR A9(W7h WAL U W) AICH A Re =
9e A483t] PODO] TSk BMDLE AWK 2 It} o] /&L Aws
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MAE A 225 HDE 5 Benchmark dose =9 (1)

o]1 A& 7F5et WAoo g & BMDL ol EE3ts o £2-8 37
At Aotk & ol4fe] Kdo] 7t B2 AICE &#3t= 4% AICT}
i BMDLA e B Ee 7]‘6} Bs } & Ao o=

&L O-E‘r—L— 7‘4011 vJO“‘% ESE o]t Hatoll= 95% SHIt(Hat

BMD 7|)o] otz AMdE Zgstol ©o] v iy F9d EF
BMDLO| < #o|tHF, B2 M FHAY $A4 S45 4.

vpeix) mde] BMDL 3447

> T S
B we o24e 4T 4 AUtk AET] BAH B o] Aol
29 23440] YR AX Ade] A E: AR JEF 4 A
geets o £8o] B 4 girk. 2% Welvt Bsitn BuE: 4
Qo] o]F B AT 4 i WIS YBoH EE EAH 27
7} ot 1A gkon] 717 ¥e BMDLE ghalZoln HHel 24AR
A 4 ek 27h 24 9 9ol 27b 29 39, AgE 2do|
dfat ul7fus: g A4 EE BMDLY 58 glo] £AJsH=A] gelst
7] 91% BMD %7t X3E 4 leh. 2% Aol it =0k 34 A

Flolof g
A9 Wt Bl ARt 988 20E AH 2T 4 Ak ozlo]
53 AESHOE JPg Beol Yk AWt Adsihn oiAX A
2go] AP @S ATOIA e B9 NOAEL(E: LOAELIS
PODE AT 4= it} HdhAst ndls] FA|&= oA NOAEL/LOAEL &
Z4o] Avto] oist A dlole Age] I} WA GrtolA =ojwo]
of gttt



HAHO: | R, ZA HMS(least squares), Yetst=l =H

6‘:’-
L) o148 Hl0[EfRl AP ARES M

(4) Zt Ho|AY BMD2| A4t

(5) 2t HO|AYE BMDO| LCHEH AlZ|SHAHQ StsHlower confidence limit)

, BMDL
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(éﬂsg@ Z3 &

Ol

T HIE 93t Benchmark dose =@ H74(1I)

70 AE| S HMRKO|: RE DRI HEMH  bootstrap)
Lt) BMDL %t
(6) 2 Ho|Ad T2

7h) HIOIE EQIE I QXKSD) YLt U= X -CHS JM(fitted
dose-response curve)?| EZ(plot)
Lh &gt SM0f| chet M2l A &5

ChH BMD 2 BMDLS| A8

(7) 2=3st=l BMRO|| st BMD % BMDL

7b) 0|23 O|0|E{Q] AL, extra risk 0.102] BMD 2 BMDL

(=]
L) ¢4 H0[HO Z2, txz oy 1 EEHX(1 SD)2 SYst
H

Yot W39 ol oigst= BMD & BMDL

(8) Mol EfgMut M0 M2 BMDUBMDS| AMZISHA| A5H

5) AA 4A] Decision tree

(19 M-6lol 7] Hlol8 B717t ¢&=¥ & BMD/BMDL A4t @A 9] o
el A £AS gorstel Uehjgch Bl BMD AXLS 2% HFH
AW 34 A% YT TR 74 FHH/AY 23 AL FLHo|
U 27to]A NOAEL & LOAELZ H|wst= A g2 Z44 BMDY 4
a2 Zddo] &zd 7R A SRR Y=t

(1) dlol8 #3(FEF &2 59, Al gARle] 1dE, 54 F¢

5 STHAA AFE e} e 5L o &
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(2) diol8l §3(Z, BMRo] A== W0 wet ¢ =2
4 AF AAA: TP B f‘& ndg FLxE Aot §-5he
tolelg mdlgsdtt. o BEH A (bioassay) HIOIHE HEP5]
Qo A Zdo] ¥ 4% £ 821—‘:— A Al Y
7 2E e AESHE 7N 2E)S AQotal o] 7|E daiE|Eo]
dvtHo g AMgHTy. 2 §39 AFEE dHeoley A

A2 curve-fittings Al 4+ AT

-|o
i)
o,
&

o 0.19 p-ge AHgste] Az g
29 AT A B9 AY). BAE =
£299t. 2do] 53] BMR JolA o
oJHE AW AEsheA Selsith A9o] uet AU HolHE
oJEE WPAAL 7t BAH Wt

@) wdel APYe B
Rl

(4) tlojgfo] HdsHA ste RS AREstol FE BMDOY| Higk 95% st
gt 418 3HA(E, BMDL)E AAteitt.

(5) dlolEo] HEsHA W= Bl FolA] *d@i‘c‘zt‘r. ojZgt UHA md

o] BMDL #o°] % <4 7b 89 A 19T o)
AIC7} 7 w2 mdS AEsie] BMDLE xﬂ%‘@ < St BMDL
o] F&s5] 7MA god di mdl FHAdo] JHYEI ek ZH

o] B8 & Ao

HE o
ol

(6) BMD £4& EA35stet
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& 21

T HIE 93t Benchmark dose =@ H74(1I)

START
Y
1. Choose BMR(s)
YES
YES -
- NO
2 BE0| HESI — |C}E gheyodE S48 Tt
YES t
h 4
3. 20| Ho|Eof ®etsp NO |
A
YES
- NO
Y 2202 248 SED| dEMETR
YES
h 4
4 7| AEl BMDLs2| 97} SES| Z27k NO b we vDLE Al BT
YES
z NO
5 LI A ZHE 2 ShE T IR BETEQIETR » HotE BMDLsS Dist)
YES
¥
HE E£ fitg MlSots ZEE BMDLE AFETICH
¥ L
6. BMD E4UE22 ZAMEECE “«—
[22 m-6] BMD ZA &XM(EPA, 2012)
= = =
2. BMDS AZEQI0E 0|E8¢t BMD =A{HtH
1) BMDSE A3t}
2) Hojg 48 9 &8 HF
(1) Data ®9)A] “Insert New Dataset” HEL ZEs5to] EAs}
L S LS

Sl DER ECREE B DEEOE
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HAE $3L Continuous-summarized, Continuous-individual,
Dichotomous, Nested”} tt. 7] EAHolHE A& FActH o]
A= A=kt

(2) Main®olAl  “Analysis name @of A1
Output Directory” He& E€do 23&E AT A=E AT
o} F7botal AL Aol Qo “Analysis description”#ol 7%
Elg=g

() Data®lollA “Insert New Dataset’S &8 A2 Ho|HAEE
ZolAY “Import Dataset” HESZ =] AA3 Ho|HAEE &Y
2t

(4) Report Options HollAl= Aa=9] S} Hlolge

o &
o
et 1B oRE Az HY JERE 27149 Ze| 7}

(1) Main B0 BEMXHES MXSICEH

“Select Model Type oA E435t14} s= dlo]EQ] 88 =3t} o]
of wet 28 4 Q= ZE9 FF7F HHA ok o] ®HolA BMRI A&

¥ Y 5 Mg

(2) Logic HHolA+= EE 24 EAZ AYd & o oF 7|§ie=
BMDS+ As&oz ZF HElZ Viable, Questionable, Unusable
2 &0t AAlge BMDU+= 7|8 &Ao] ofE= Q3 3%
71 ARt
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Benchmark dose =@ ®74(11)

Z2u 28k MIE st
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I
111
e

238 HE, ABN2, ALP, ALT, APTT, PT, RBC,
HCT, HGB, MCHC, MCV, Reti%, RetiA, PLT

253 |7t HME, AENEY, ALP, ALT, APTT, PT, RBC,

HCT, HGB, MCHC, MCV, Reti%, RetiA, PLT,
A%2|(H1)

Benzalkonium
chloride

7 ME, MadFE, EOS%, EOSA,

Benzalkonium AAHE|(H, HIZ, 7|H)

x
chloride 13% A7 M, AMBHFZ, EOS%, EOSA,
XRHZ|(H, H|Z, 7|3
2740 ALP, TCHO, 7t 5%, XxHz|(H|Y)
Mono methyl o= [of -
formamide T | YA AIYE, ALB, ALP, ALT, AST, Na, RBC, HGB,
TCHO, 7t 3%, ZZH2|(HZ)
Mono methyl - 741 ALT, AST, BUN, TCHO, 7t &
formamide |zt ALB, ALP, TCHO, TP, 7t 53
2-Chlorotoluene | 4% |£31: ZEHZ|(AMZE)
S MY B, 2AHE(ME)
2-Chlorotoluene 135
U ZAHD|(AE)
741 ALB, ALP, ALT, AST, BUN, TP, TCHO,
7F =2 RRIHE|(AME, 7H
Cyclohexanone 135
47 ALB, ALP, ALT, AST, BUN, TP, TCHO,
it =Y
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Benchmark dose =@ ®74(11)
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e

27 MS, AEEFEF, A/G ratio, ALB, ALP, Na,
T-Bili, TCHO, TG, TP, HGB, HCT, MCV,
MCH, MCHC, Reti%, RetiA, WBC, BAS%,
BASA, EOS%, EOSA, LYM%, LYMA, PLT,
A (M- EAE, HIE, BM, 2A)

U HME, ARENFEF, A/G ratio, ALB, ALP, Na, TP,
T-Bili, TCHO, TG, HCT, HGB, MCH, MCHC,
Reti%, RetiA, WBC, BAS%, BASA, EOS%,
EOSA, LYM%, LYMA, PLT, XXIH2|(Z%, 71,

O, HE, 8)

2—-Methoxyethanol | 4%

ALB: albumin, &E0I;

ALT: Alanine aminotransferase, 2t Ot0|L7|HO|§A;

ALP: Alkaline phosphatase, YZ2tQl ILATIELA];

APTT: Activated partial thromboplastin time, 22EH4EEHZAEIAIZE
AST: Aspartate aminotransferase, OIALIH|O|E Ot0|\=7|H™O0| &4,

BAS: Basophils, 387174(%: &, A: Zti),

BUN: Blood urea nitrogen, SUQAZIA;

EOS: Eoshiophils, SAF(%: AT, A: HOH);

LYM: Lymphocytes, EZ(%: AT, A: ZH); TP: Total protein, SHtH;
TCHO: Total cholesterol, E22|AHZ; GLU: Glucose, €4

PLT: Platelet count, &A=, PT: Prothrombin time, Z2EZBIAI7L
RBC: Red blood cell, &+t HCT: Hematocrit, oll0fEZE2|EX];

HGB: Hemoglobin, &MAzk MCH: HaXMals|Z2 281,

MCHC: Mean corpuscular hemoglobin concentration, B M523 28 IST;
MCV: Mean corpuscular volume, &L EA, Na: Sodium, LIEE;
Reti: Reticulocyte count, YAMHT (%: T, A: ZOi);

T-Bili: Total bilirubin, ZY2|F8l; TG: Triglyceride, S4X|;

TP: Total protein, &4, WBC: White blood cell, Z8i&14

* Barium nitrate= USEO0IAMEE HEE 78 O, HIZ, oF, U9 H2 240
HI2I5IRAS.
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T HIE 93t Benchmark dose =@ H74(1I)

2) diojg9] 2d¥
(1) BMRQ| M

o]2% HolEl: extra risk 10% 9%¥ dolg 1SDS gkt

(2) 2H e

71 O|2& G|Oo|E
BMDSOA+ Non-Bayesian F+HS MLE (Maximum-likelihood
estimation, FHFEF%) T+ Frequentist 2t 51, o]EF H|o|H &=
non-Bayesian F¥H¥} Bayesian F3H EFE AHT 4 Qo B
o= A™A ol 7t SU=FZAEY dHolg EA4S 5o
non-Bayesian FH 2 1 FoANE &F-H3 71&717F FEA7E He
AL PAT § = BdS A9stax} st & Aol [ 1-8]

4
3 o] 712 24 29 st

MLE Alternatives
DefESIStE:ﬂt;dels Frequt_entist Freque!1tist e Bayesian
Restricted | Unrestricted Model Average
Model Name Enable ] Enable ] Enable[] Enable[] |Prior Weights
Dichotomous Hill [ ] ] 0.0000%
Gamma [ L] ] 0.0000%
Logistic O [] 0.0000%
Log-Logistic 0 O [] 0.0000%
Log-Probit O O O 0.0000%
Multistage 0 0 [] 0.0000%
Probit ] O 0.0000%
Quantal Linear L] L] 0.0000%
Weibull ] ] O 0.0000%
Total Weight 0.000%
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Abstract

A Study on the Introduction of
Benchmark dose for Enhancing
the Applicability of

the Inhalation toxicity study(Il)

We conduct an inhalation toxicity test to provide data for evaluating
the risk of chemicals to humans. It is necessary to find ways to better
utilize the results of the inhalation toxicity studies. Institutions such as
the US EPA, EU EFSA, JECFA, and WHO recommended that BMD is
more useful than NOAEL/LOAEL in risk assessment, so we tried to find

ways to apply BMD in inhalation toxicity studies.

We investigated BMD analysis procedures and details, and analyzed
BMD using inhalation toxicity test results and BMDS 3.2 program
performed by the Inhalation Toxicity Research Center according to this
procedure. Based on these results, we proposed a standard operating

procedure for BMD analysis.

BMD analysis procedures are summarized in the order of data
evaluation, BMR selection, data modeling (model selection, model
fitting, model evaluation, model comparison), and reporting. The

software for BMD analysis was used during the analysis procedure after
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data evaluation, that is, during the process from data input to reporting.
BMD analysis was conducted on 14 chemicals, 19 studies, and 307
parameters selected through the evaluation and selection process of
data according to the results of the literature survey. BMR was selected
by data type (dichotomous and continuous data), followed by modeling
and reporting. A standard operating procedure was proposed by
reflecting the results of literature research and data analysis to make

BMD analysis easier.

In this study, it was confirmed that BMD analysis was possible using
the results of toxicity tests including inhalation toxicity tests, and the
analysis method was presented. This study could contribute to the

assessment of the hazards of chemicals to humans.
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