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[757%] BINHRE T HR A BEMERSRXEIBRENFTREN E- R MZE(Gamma. Log-
logistic. Log-probit. Two-stage F1 Weibull #2) B S#F P E 5 MBS X RFBCE, &
AR EEMRRE., FRFIZHE(S. 8). REFEZAZ(50. 100. 200) HIIRIAELIE, LLIR BMA
MERMREEENRS . LHIDEREREBETRFSRAXNRREELIRE. EIARAE
BRI LURIB AR BREIE, 8,-HIXE R R B X AMRIEH, BEIERMIGEN 10%, 73 3E
FIEFER (FRINERN EARRR) | RIMREDE [ oS BAEN(AIC) B/ BIHREY | §1 BMA
&1t BMD K H 95% & EX (B FFR(BMDL) ; LEERRE A& 1THY BMD. BMDL K ABXT fRZE,

(4552 ST EIEAZT, FEE AR E IS A EE I, BMD KI5 5 B SN 90 B ik
XEABEMEFBE; YIERER B —EAET, BMA (41HHY BMD B RE X T RMIE
A% HIEMIREASNERSREE, BMA {51189 BMD i3 RE/NTFRMEEE. BT
SR, RUIEELA Log-probit AU (AIC=1814.46) , HX A Log-logistic 2R AIC=1814.57) ;
Log-probit 28!, Log-logistic 2 AL F BMA i 1HEY BMD(BMDL) 435!/ 3.46(2.68)  3.16(2.33)
0 2.92(2.07) pg-g’o

[4516] FEIEMEE B, RMEEERAREREFENS L, EEEEYRNE-RNX
ABETHEIRRAR. ZEOAFIEN, BMA SRIMIEELVAAEL, Bt EBERSHE
BT AR ERN S EIREE, s E N3 ERY BMD M BMDL &t
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Benchmark dose estimation based on Bayesian model averaging and its application to evaluation
of cadmium exposure of population in Baiyin HE Nana', SUN Jinfang’, HE Jieyu?, YU Xiaojin® (1. Sc-
hool of Public Health, Southeast University, Nanjing, Jiangsu 210009, China; 2. School of Public
Health, Kunming Medical University, Kunming, Yunnan 650500, China)

Abstract:

[Background] The optimal model method for estimation of benchmark dose (BMD) does not
consider the uncertainty of model selection. There is a lack of studies on using Bayesian model
averaging (BMA) to estimate BMD.

[Objective] To apply BMA to the exposure assessment of cadmium pollution in China, discuss
the role of BMA in estimating BMD based on dose-response models, and to provide methodological
support for health risk assessment of hazardous substances.

[Methods] The parameters of five dose-response models (Gamma, Log-logistic, Log-probit, Two-
stage, and Weibull models) estimated from the data from a cadmium-contaminated area in
Baiyin City of Gansu Province and the urinary cadmium ranges in five cadmium-contaminated areas
in China were used to simulate the data of varied correct models with different numbers of
dosage groups (5 and 8) and different sample sizes (50, 100, and 200), then the performance of
BMA and traditional optimal model were compared. The case analysis used the cadmium exposure
data in Baiyin, Gansu Province. All analyses set urinary cadmium as the indicator of cadmium ex-
posure, the abnormal rate of B,-microglobulin as the effect indicator, and the benchmark response
to 10%. The correct model (the model used when simulating data), optimal model [the model with
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smallest Akaike information criterion (AIC)], and BMA were used to estimate BMD and lower confidence limit of benchmark dose (BMDL);
the BMDs, BMDLs, and relative deviations from different methods were compared.

In the simulation study, with increasing sample size or the number of dosage groups, the intervals of the 5th percentile and the
90th percentile of BMD tended to be narrower; when the correct model was a single model, the relative deviation of BMD estimation by
BMA was greater than that of the traditional optimal model; when the correct model was an equal weight mixed model, the relative de-
viation of BMD estimation by BMA was less than that by the traditional optimal model. For the data of cadmium-contaminated areas, the
optimal model was a Log-probit model (AIC=1814.46), followed by a Log-logistic model (AIC=1814.57); the BMDs (BMDLs) estimated by

the Log-probit model, the Log-logistic model, and BMA were 3.46 (2.68), 3.16 (2.33), and 2.92 (2.07) pg-g”", respectively.

The traditional optimal model is still recommended when the correct model is known. However, when the dose-response
relationship of a hazardous substance is uncertain or with different sources or exposure grouping, compared with the traditional optimal
model, BMA theoretically provides more stable estimation of BMD and BMDL by considering multiple possible alternative models.

benchmark dose; dose-response model; Bayesian model averaging; urinary cadmium; exposure assessment

BRERHFMEANGERSESERY,
I, FIE S EBNEYIZMEEEN TREREEES
KB, B/HEF = (benchmark dose, BMD) 2 & F 7
B-RMNIEE, Gt EMHE YR AIEINEIE R EKFE
(—R&7 1%~10%) BY PR XS RZ B9 &, 45 7 1Y Iz [z 7K
MMAEERRN, BMD & H 95%E 15 X 8] TR (lower
confidence limit of benchmark dose, BMDL) E#&ZE R 9h
REZNATREZBENNKRTGE. XTRESE
#Y BMD it Z R AR MIREE, BITEZ D REIK K
XANFE-RNEFERBI P, EZFRMESEN
(Akaike information criterion, AIC) &z /\FY IR BY E A &%
HRAAI53+8 BMD A BMDLY, 4 Yu . Li ZPEER
RETARHEERE T AR E-R MR, EEEEF
HNAHEEEMS WMo BXL L, PR URIEE
MERE RN R, EFERENE—1RB A g R T 1=
BAGHNAHEN, 7 7T HMREREENERAESR,
MITIFZAE BMD 1 BMDL {5t B9 a5 EY,

HETIREY F39( Bayesian model averaging, BMA)
Bl LAE BB HiER A E B IR ELERN A HRE 4,
RN FIHB R ANE, INAES B HAZIRE
&It BEEIMFERTIREET BMA Y BMD BY1H
HHE mMEREREEEAE —RMERGITHERR
B MDY, [EItt, ARG BMA KA FHE RS
FMRTEIT(L, BRI R, BT 554 BMD {41t
JAAEEL, BMA SRR S R ELE R, R A FEEE
NI ERICEEGR, (Gt SRR BMD, LUERRE
EVRNREREETHIRERNFZFEVN S EFE T,

RINBIENSHIRE X 1, H,
FE-RMXRBEANSERRTEESF AT LR

FCEBIBEMINEGER, LML ASBNREETN
“ERER (RN EIB LR E AN BN S HIRE) ;
FIZIREBEHE 5 MRS RXBIRETREE(0.05~
57.27 ug-g " UURAEFRIE, RE) Y, 2B IPITIZ
T (D RPARBRE, SEER 0~57.27 ugg ', IR
FI2ABRBEEES TN T ELARNYOHMBREE
(<0.025 pug-g BFIEME N 0.025 pgg™; (2)IRIE
FIERNXATESRBRETHRMER; (3)1R
ERRZEP,MP = PBIASEF S P RS R R IR
(0/1); (4) ISR E, JTEFLAEIREI 1000 i
T RN TRIE R N EIE 1" BIE X B,-EK
EHERE, UB,HMEEARER(RNEIEN 1A
B ZFIEA S AL B) F 5T
R1 EMBIESHRE

Table 1 Parameter settings of simulated data

RIEIES

(Parameter of simulated data)

BX{E(Value)

EEE)(True model)

Gamma ¥0=0.0615, 3,=0.0428, 3,=0.0010
Log-logistic y0=0.0884, 3,=-4.0105, 3,=1.5779
Log-probit ¥0=0.0745, 3,=0.0313, 8,=1.2205
Two-stage ¥0=0.0996, 3,=-2.486 2, 3,=0.9711
Weibull y0=0.0800, 3,=0.0833, 3,=1.3734
ENERAGEE BEEREN SN E NN T
(Equal weight mixed model) (Equal weighted for all alternative models)
FI2LEER
(Number of dosage groups)
5 0.025~,2.0~, 6.0~,12.0~, 20.0~57.27
s 0.025~, 2.0~, 4.0~, 6.0~, 8.0~, 10..0~,12.0~,
20.0~57.27
BHIEAREE e

(Sample size of single dosage

[7E 1 vos B B IIRIBEXEREUIBEATREEEL(Gamma. Log-logistic. Log-
probit. Two-stage F Weibull #E8Y) B & SE,
[Note] yo, B, and B, are fitting parameters for different models (Gamma,
Log-logistic, Log-probit, Two-stage, and Weibull models) from liter-
ature data.
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1.1.2 LHIEE  NHRREFIEFIERETFEATF AR
XEHC 2R, RN R AE R AERRTRX
B9 1685 ZfER, Hhztt 915 A, B4 770 A, &
5572 5. MB (M IBEES B SREREENF AR
B(IR1T7) ) EXRFEE 150~200 mL FIFEREFR, REG
KBS TAEF SR L ENE, FEAERERE <03 L™
8>3 gL tbE <1.010 5 > 1.030 BIFRFH EFH KT,
LR RAEFNE, HMPRER. PRANEFFIR B,-HEK
0, FEMYBINEETRIE, RREFIZSHRRK
TR BAHKEARE(>17 ugg ) AWK 2, M
BIRA B HIKERFRERB,NIXEAREALS
ZHEH2ABBIELF)) o

R 2 FEFIEAHARFKER B-HMKXEAREE
Table 2 Cadmium levels and abnormal rates of B,-microglobulin
in different dose groups

FRB,-HEKE 7 (Abnormal

= . . -1
PR (Urinary cadmium)/(ug-g"), urinary B,-microglobulin)

FI=2H(Dose

group)/(ugg?) " JLEAIHSfE(Geometric mean)

n %
0~ 305 0.94 32 10.5
2~ 576 3.35 106 18.4
5~ 548 7.08 193 35.2
10~ 256 15.41 156 60.9
1.2 BMA %

BMA JEMIU SRS A MM T R IR A E,
FRREN MG T, ARRFANTIE-RNRE
B3 Gamma. Log-logistic. Log-probit. Two-stage #
Weibull 24 5 N REFIREY, KIRBRAH KL
VRS E5 BRI DLAR SR

BRI&E k NEIEEEM,, -, M, ANBBHE
(30 BMD) , MITELE E ##EDEY BMD H/E38 93 6 9:

Pr(a|D) = iPr (4|m,, D) Pr (Mm;,|D) (1

i=1

Hrrpr (v | D)@ IEEMAEREEE, B H(2) 1T &:
Pr (D|M;) Pr(M;)
Pr(M|D) = — (2)
> o Pr(D| M, )Pr(M,)

NPV EEERE PR EMREE, Pr(D|M)BREM,
HIARASAREZR . B 7, B AT N ETRRHE=R
AR ET S REXFE BRI, @
Gibbs It LI L& X,
1.3 FITrESH

RBAEEBTE, B,-MIKERREENN
N 3615, 99 3 IN & Gamma. Log-logistic. Log-probit.
Two-stage 1 Weibull 122!, B & W I&E N 10%, &
& IR EER BMA J£ 7 5ll{k 1t BMD, BMDL {1t
2 F8 bootstrap AEE 1000 XFK1E; BMA B Gibbs
FRIEIT JAGS 4.2.0 L1, IR E 3 £FTHE, IREREISH
HIFTIEA{E, B 10 000 RIERERIEIRA, R 10000 X
ERERBTEED . RIBERINTE Geweke
Fit 2 INEBRF UMK FBITEIRIZ AR
BEUWER X TAEINEIE, Dal(hiTt EIRE (BN
KARIAEUERERIRE) . KRR (R T1REE
B EFEREE) A BMA THY BMD, HITEHEHE5“EHIE
A7 BMD BYFERH R ZE (1000 MEIHHY BMD 5EHIE
Bl"BMD Z E 5 “E R E"BMD tb B9 EK) o XFF 52
BIEARE, LER AR A ENINEER, FRE DTSR R
3.3.2 #17,

2 £R
2.1 RIMEAR

KAERRE RMEELKBVMAZEFERN
BMD F{UEL( 5 5 B3I EA S 90 B iER) LAKAE
SRELR IR 3 ME 1, EETEABHRTER
HASEREM %5 AR UMES 0 BDUHZ
ERXKEYEMEAERTEE,

&3 ZMAESEIREMEIE BMD f&it

Table 3 BMD estimation of simulated data by three methods

EA{I (Unit): pgg™

HigA UL ZEE BMDI 1757k FAER(Sample size), M(Ps; Puo)
(True model) (Number of dosage groups) (Method for estimation of BMD) 50 100 200
Two-stage 5 IEH81% RS (Correct model) 2.25(1.56, 3.66) 2.22(1.64, 2.99) 2.19(1.74, 2.70)
LAY (Optimal model) 3.07(1.43,5.25) 2.80(1.66, 4.60) 2.62(1.80,4.11)
BMA 3.30(1.79, 5.18) 3.24(1.99, 4.54) 3.18(2.28,4.02)
8 IEFA1REEY (Correct model) 2.31(1.69,3.37) 2.27(1.75, 2.95) 2.27(1.85,2.66)
=LA (Optimal model) 3.15(1.65, 4.95) 2.99(1.79, 4.48) 2.80(1.95,4.14)
BMA 3.37(1.96, 4.81) 3.33(2.22,4.32) 3.29(2.47,3.98)
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giR3

HigR
(True model)

FIEHE BMD{&It757%

(Number of dosage groups) (Method for estimation of BMD)

FEZE 2 (Sample size), M(Ps; Py,)

50 100 200

Log-logistic 5 IEFf#EEY (Correct model)
B IEE (Optimal model)
BMA
8 IERAIEEY (Correct model)
BftiR8Y (Optimal model)
BMA
Weibull 5 1EH81% A (Correct model)
BEAY (0optimal model)
BMA
8 IEHatREY (Correct model)
EMAEEL (Optimal model)
BMA
Log-probit 5 IEH81E RS (Correct model)
Bfti&8Y (0optimal model)
BMA
8 IERAIEEY (Correct model)
BB EY (Optimal model)
BMA
Gamma 5 IEFRIEEY (Correct model)
B AEEL (Optimal model)
BMA
8 IERAIERY (Correct model)
BEA (0Optimal model)
BMA

DERy = till
f:fi’;:fﬁie ¢ model) 5 IER#HEE Correct model)
BfEA (Optimal model)

BMA
8 IEH#tREY (Correct model)
IR (Optimal model)

BMA

3.12(1.49, 4.98) 3.09(1.79, 4.26) 3.05(2.12, 3.89)

2.86(1.16, 4.74) 2.87(1.22, 4.20) 2.96(1.45, 3.89)

2.52(1.41,4.18) 2.46(1.54, 3.49) 2.41(1.70, 3.16)

3.23(1.75, 4.57) 3.21(2.11,4.17) 3.15(2.35,3.75)

3.03(1.30, 4.47) 3.11(1.57, 4.18) 3.20(1.76, 3.89)

2.57(1.56, 3.76) 2.57(1.76, 3.43) 2.57(1.93, 3.09)

2.61(1.18,4.22) 2.55(1.38, 3.60) 2.52(1.65, 3.27)

3.11(1.35, 5.18) 2.90(1.54, 4.62) 2.80(1.78, 4.27)

3.14(1.67, 4.99) 3.07(1.87,4.21) 3.01(2.16, 3.81)

2.71(1.46, 3.94) 2.65(1.68, 3.59) 2.64(1.92,3.22)

3.17(1.65, 4.87) 3.14(1.78,4.47) 2.98(1.90, 4.30)

3.20(1.91, 4.55) 3.16(2.14, 4.14) 3.13(2.36,3.78)

3.43(1.72, 5.10) 3.41(2.09, 4.47) 3.36(2.46, 4.12)

2.91(1.13, 4.75) 2.91(1.22,4.22) 3.04(1.48, 3.94)

2.57(1.38,4.14) 2.53(1.57,3.51) 2.47(1.76, 3.20)

3.49(2.06, 4.84) 3.47(2.42,4.42) 3.47(2.69, 4.03)

3.05(1.34, 4.48) 3.14(1.66, 4.21) 3.28(1.78,3.92)

2.60(1.57, 3.78) 2.58(1.77, 3.49) 2.61(1.96, 3.12)

2.78(1.02, 4.66) 2.73(1.27,3.95) 2.66(1.58,3.59)

3.11(1.34,5.11) 2.93(1.50, 4.53) 2.90(1.75, 4.25)

3.05(1.66, 4.81) 3.03(1.84,4.09) 2.94(2.09,3.78)

2.86(1.34, 4.35) 2.84(1.61, 3.97) 2.81(1.89, 3.51)

3.20(1.61,4.92) 3.22(1.77,4.48) 3.10(1.90, 4.29)

3.12(1.89, 4.44) 3.08(2.10, 4.05) 3.08(2.32, 3.67)

2.89(1.57, 4.56) 2.82(1.75, 3.84) 2.78(1.99, 3.57)

3.05(1.26, 4.99) 2.92(1.42,4.43) 3.03(1.65,4.21)

2.91(1.57, 4.56) 2.82(1.73,3.90) 2.78(1.99, 3.60)

2.92(1.78, 4.24) 2.89(1.97, 3.86) 2.88(2.17, 3.45)

3.16(1.41,4.77) 3.22(1.66, 4.36) 3.27(1.83,4.18)

2.93(1.76, 4.23) 2.90(1.96, 3.88) 2.91(2.18,3.51)

[F 18MD: EAFIE; BMA: TIHETIREFY,
[Note] BMD: Benchmark dose; BMA: Bayesian model averaging.
HIEIEE B —BY Two-stage. Log-probit. Log-
logistic A1 Weibull #R2EIES, BMA JE G ITRIAESHRE S
FEMAM G E; 3 WA EMITEIRE BMD BIMEXT R
ERNKRIAIEWHIRE < MR < BMA,
LR AN Gamma R BT, R EFIZH L0
LRGN, SFNEHEHY 5 B, 3 A EENRET
JELEER; HFEEHEN 8 BY, BMA JA{HITHEIPRERE BMD
M RENTFRMER, KT EREE,
B FENE, SEMREAENERSIEEN, &~
EIFIEHEBERE R0, SFIEHE 5 B, 3 MEE

ST, BUFISEIERT, BMA SHEITHIFRSE BMD
EXHMRE NFEMFFSE, 3 FAAMITHIREE BMD
HIABIHRE A\ EFR K BMA < [EHIRE <« RMAIEEL,
2.2 LHIEAR

545 R & /R, Gamma. Log-logistic. Log-probit.
Two-stage F Weibull BRI INS M ERIDH PEIIK
F 0.10, HEH, AIC /NBIIEEL A Log-probit R A, {4
319 BMD(BMDL) 79 3.46(2.68) pg-g™; EX A Log-lo-
gistic ‘R & , {3+ AY BMD(BMDL) /9 3.16(2.33) pgg™;
BMA {&it#9 BMD(BMDL) 49 2.92(2.07) pg-g (&K 4)o
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= EHIEE (True model)
-a- i{f R E(Optimal model)
-+ BMA

Two-stage

183 1R % (Relative deviation)

100 200 100 200

FEZ = (Sample size)

50

1B3 1R % (Relative deviation)

~— IEHI8E) (True model)
-a- B{HEE) (Optimal model)
-+ BMA

Log-logistic

1B%F R ZE (Relative deviation)

100 200
A E (Sample size)

100 200
A E (Sample size)

1B3F R ZE (Relative deviation)

= =

o o

E=] k=]

o ©

H 0.6 = EHIRTTrue mode) 3 0.6 ~ EMIEE(True model)

< 0.5 & B{LHRE) Optimal model) S 0.5 - ;smczlii(opnma\ model)
2 2o 2 o
] k.

e : W

& &

= 50 100 200 = 50 100 200

s AN E (Sample size) o FEZSE (Sample size)

FIEAs FE2H8
(Dosage group 5) (Dosage group 8)

[F] BmD: EAEFIE; BMA: DIHHTEEIFEY,
[Note] BMD: Benchmark dose; BMA: Bayesian model averaging.

ENEREIEE

0.6 —— EHIZE (True model) 0.6 —— E#IZEE (True model)
0.5 -a- R{LREL(Optimal model) 0.5 ~a- @{LREL(Optimal model)
BMA -+ BMA

Log-probit

1B%4 1R Z (Relative deviation)

100
FEZE (Sample size)

100 200 200

AN (Sample size)

1B R Z (Relative deviation)

0.6 —— EHIZEE (True model) 0.6 —~— EHIZEE (True model)
0.5 -2 B {LERA)Optimal model) 0.5 -2 B{f2E)(Optimal model)
-+ BMA -+ BMA

Weibull

HB%F R Z (Relative deviation)

200

100
HEZE (Sample size)

100 200
A E (Sample size)

50

BT R ZE (Relative deviation)

= =

- 2

o ®© ©

E 3020 ~— R (True model) 3 020 ~ B True model)

T - -a- {18 E (Optimal model) - -a- {1 E (Optimal model)

2 ¢ 015 -+ BVA o 015} -+ BMA

X g -4

E S o10f .-

=] o] -

® & o, £ 0.05

=M W0

S & 50 100 200 + 50 100 200

g = = X =< = .

£m AN (Sample size) [t FEZE (Sample size)
FIE4Hs FIE2Hs

(Dosage group 5) (Dosage group 8)

1 BRIRRBPFRRE AT BMD HxHRE

Figure 1 The relative deviations of BMD estimated by different methods in simulation studies

x4 TREIEEITERRE BMD 4

Table 4 BMD of urinary cadmium calculated by different models

FR$R(Urinary cadmium)/(ug-g™)

&5 (Model) AlC P
BMD BMDL

Gamma 2.87 1.84 1814.96 0.47
Log-logistic 3.16 2.33 1814.57 0.72
Log-probit 3.46 2.68 1814.46 0.93
Two-stage 2.34 1.84 1815.46 0.31
Weibull 2.71 1.80 1815.10 0.42
BMA 2.92 2.07 -

[ 18MD: EUEFIE; smoL: EEFIETMIRE, AIC: FRth(E 2N,
BMA: DIHHHTIE R 1Y,

[Note] BMD: Benchmark dose; BMDL: Lower confidence limit of benchmark

dose; AIC: Akaike information criterion; BMA: Bayesian model aver-

aging.

3 3Hig

BMA BESE EIRELAEFEN A RE M, EETHZE-
&Rk A EB{HIT BMD BY, af IS 2SN EiEEE,
FEEMmREZIRERNNER, AMiREENREN
LR, KRR BMA B FERERSRNZEIT(H,
BT BN RIRIT BMA EARBERIRE. RREFIE
HAHLURAEEREE TR, HFNBFHREE
IRMREFSREX LR ABLUE, X ELARE BMD 1

TTERBEXT 45 RAV R,

SRERER, HEMRIEE HE —ER A,
BMA KRB, SIEMERENENERGEIN,
BMA JA{&iit BMD BIAEXT R E/NTF iR MARELE; ¥iRH
£ BMD #1 BMDL {&118Y, IEFIE R B — g iR ELAY,
FRRMEIERARAREREENTS . BILEMA
T, FRIAEBRE. FRIBEHFAHFEFIZHEH
HIRTTRE A B A RINEUIREHE, EMREE RN ER
ERZFE D EFER, BMA SEEITHNERRTRIE
B,

BiftRiEY, RETYETFEN N M TEHRHE
BN 2 RELFENTN TR FREME—&
B WIS RYPBIE N EYEN G B R, iR
FIEERNRIRRE BRI, R BMA A&t BMD 2
MERRREEERNFERSEENEIES E™,
EEIFRET 2018 F1EH BMD HITHIE S BMDS
V3.0 BN Z R4 F BMA 11T 535, 2020 4
NIEE4E/D BMD B DI M Hfhit, EMBELLE R/
IRBY i RS EEHFRENEXNFEEMALAE, A
RIRIT T BB F BMD T AVER I AR BE,
A AEEYRBEIT GG A FEFRE KR,
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BHeiEREME LR B,-MIXKERRERIENY
754715 2 FR$E BMD, B EE ™. wang F“R A
Log-logistic #BY, B FEFY. LiFE Jin EWRA
Logistic 1!, BEZEMH] yu FPIRALLMEEE!, Hong
EIFH Probit 1824, Ke F"'K A Log-logistic {RAITY
& Gamma 1E8, wu IR Hill BB EIEHUEEY,
Lv PR A Log-probit IR, MA X EHIARERE
/I Log-probit 2B AR MR EY, REBAR[ERIRAVEIE
EENFE-RNERERE, @, ERARAE
BMD 1 BMDL Z Y SEE 4 31 4 1.16~25.39 pg-g™ A
1.00~14.42 pg-g™, TUBERK, B 7 BMD fhitH
FHEM, BMNELIrAERA T REEYNHNENS,
KERW PEEMRENEREES/NT Spge ™, Xt
FRZEHARW, RFRIABFNREZKFERIER
SXIVRIERIRE, 2000 FRM B RE 2B 5RY
BXNMANIERESAARFBANEN 2.5 pgkg (LUK
&) P, 2010 F, BFEERKRALMM R DEHLR
HERAMIFIEREZERARRHETENEA TR
ANEAN 25 ugkg  (LUAE), BIEAAFEBNERN
5.8 pug-kg (LUAEIT) ¥, IR SEAIEUE D AT R
F3 BMA J&{&1+89 BMD 1 BMDL BB, RFHEZEET
BRENAREN, RETERTNEEE, X587
RERBXRARFRIPFASHANARIEZ—H.

LIFFAIEE B —BY Two-stage. Log-probit. Log-
logistic #1 Weibull #284BY, F| &3 BT IEFREE., &N
REK BMA A fhit BMD ISR F&E 7, 1X
7 Gamma AN ENE RS IREEEY, OlgERFIE S
A, BRTAARNE R T RIT AT sERITI 242K,
FIERBIERNEMAREN, ELHFIELHEHZE
RIRF ] LU — S HRITIEIZR,

KARMDEEUTHESE: F—, FREREER
BT FIE-RMEERHEFERDN 5 MIRE, KRN A
NNEaSEFAREFEF AR EH NI HEREE
HHBERE, 25, XARKEZE—LEENNTE,
WS HR RIRKORE, Al g SR BN SR
WEM, F=, NARPIALHIHIERBRSTRK,
BB ARMERE, RET KR AN HE—THR
W EEIESENEILIENEN,

R EPTR, FIEHRE B MR RMEREARK
REEBHENAZE, BEEREERNNETZH
D ZERT, BMA ERKRA—MELEEN G . BEl
BMA EEBIFRI ZR A, NARLR o HIREE Y
JA7E BMD it 5 ERIN B IR B NEREE B,
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