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Abstract: In this paper, copper toxicity thresholds of 21 species based on Chinese soils were fitted with different cumulative probability distribution
functions to obtain species sensitivity distribution curves for copper in soils. The result showed that the species sensitivity distribution equation Burr III
fitted better than other functions in the X axis direction and Y axis with lower cumulative frequency. Utilization of copper ecotoxicity regression models in
the establishment of species sensitivity distribution curves could represent the effect of soil properties on copper ecotoxicity. It is more scientifically robust
to normalize toxicity threshold with ecotoxicity regression models compared with that without normalization. On the basis of copper ecotoxicity regression
models the species sensitivity distribution curves in four representative scenarios of Chinese soils were fitted with Burr III. The 5% hazardous
concentrations for copper were derived from the species sensitivity distribution curves, determined as 13.1, 29.9, 51.9 and 26.3 mg-kg ™' (dw) based
on added Cu for acidic, neutral, alkaline non - calcareous and calcareous soils, respectively. The results not only identified the species sensitivity
distribution of copper in different soils but also provided the scientific basis for deriving of ecological thresholds for copper in soils.
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1 5|5 (Introduction)

LGP A 5 R 8 L AR Ad FE S H s 1 5 19 -
SIS Qe S i (FRUELE) | 2 R BT iR
PR ) SE Al B (Lyndall et al. , 2010) . BF5EH (TR
TR B E W S AT TR BTSRRI T £
75 (Van Tilborg, 1996; Gezondheidsraad, 1988;
Slijkerman et al. , 2000 ). E(H 1T & 00 J7 32 BUE: T
B PR 9 2 /0, 2 ] R A5 1Y B M R B0 g
P4 A 7 (assessment factor, AF) 3k, B iy 3 — &%
) ) 2 Tk BN R R B A O R DLVE AL
(AF) R 13 2 1 Jy & oE {8 09 B0 T &L Wk B2
( Predicted No Effective PNEC )
(Kooijman, 1987 FEMAAISE, 2009) . P4k A 51 45
Ry T B AR T AT ] BRI R AR R R B
TEAE H AR KA 2 P ( Staples et al. , 2008 ). 1 J&
T ) b R 4> A ( species sensitivity distribution,
SSD) M £ A GE 117 SME 1 W DEAG F L85 1 42 R 5
PEECHE 19 73 A, BRAS I 45 3R — DT TE fa A R
A3 A7 i 00 ( Posthuma et al. , 2002). SSD 3 [t 7] M 75
L0 58 vk B &, 1 550 7E 52 R LE B ( Potential
affected fraction, PAF) , F DA FAE A4 75 &R 45 5l & AS [R)
O A ) 1) A 25 XU 5 AR T R 1) T E - E AR AP
L 75 G Wk B2, T LA o BE A SSD i e 2k
SRGE A Y X T 5 — 5 5 Y0 0 Ok
(EC10 (— & I (8] [a] B Y 51 AR DA 10% B 35 200
VR EE) BL LCSO (CREREPEMR ) S 51 B MH) fE
B — A>3 A BT At 34 38 5 A Py I 3RS A A IR W)
it 4 B 1 (B OR A T 3X A 20 Al AR AS, AT T4
BIiZ A B2 80 (Van Straalen, 2002. F] f A [6] B9
4y A B %L, W Log-normal |, Log-logistic , Burr 11 %
(Posthuma et al. , 2002; Van Straalen, 2002 ; Shao,
2000) , $6L5 2 PR B SR HE A< o A B R E LA
Y (Hazardous concentration, HCp) , Rl i5 4L 4y
X A= W 9 RN BE /N T A8 T HCp BMEAR Dy p, 1R L
WET A5 P (100-p) % B9 AE W= (REX ) 2 421,
W E B+ HC5 (5% Hazardous concentration) ff F 3
ME{EL 1 4 5 A 57 (Newman et al. , 20005 4/
&5 2009).

HEA A HE TR 5 e Wy 0 KR T R TS e x
AR B RN E TR WA R T s A

Concentration ,

PERT 2 5% 4 JE R WA S PE R Ok IR R
( Ginocchio et al. , 2002; 2004 ;
Smolders et al. , 2004) . TR E R T E T KL
MG K R h &R T R AT N K EETE R OESY, LR
TR AT 8 b R G g KU T AN Y B B
%45 ( Rooney et al. , 2006; Smolders et al. , 2009) ,
I BRI 2 I 58 SCR B T 1l A 2 T XU Y
W B ARME (EU, 2006; EU, 2011). HET2 A K
AR AR X R AR AR B RO, H P
il 1 A= 4 7 5 TN AR R L 57 (Ma et al. , 20095 2%
¥, 20105 FAR¥E, 2010) , o [ R85 Of 37 00 A 2
W 2 B 2 I R 32 B T I 3 B 0 T
AR H IR A 58 35 1 HOR 7 ok X 2e A 6 g
T A 5 AR T b R B B R AR UE R
BT,

AWETEAN T 21 A9 ol B F o [ - S Y 4 5 2
FRUE S5 AR B Y A O A R T AR
AR e i SSD ik, FL A T A [ 4 il X
BEF MBURME T T SSD vA 7R d S AR S R
(B PP Y L HT , S 3 A 3 AR 2 B 5 o A v 1 A E
BEE Ty vk AR TR Oy R BAT Ry 4 FR B AR
HER B TT R AL B AR S

Weng et al. ,

2 #MPBLE5FHE (Materials and methods)

2.1 HEEFBENFLEGLE

7P E R ) ( CNKT) 4 e b A 28 rp A7~ 4
R oA R A R A E T E W
] ¥ L MR I R AT O 3 ) Y AT G A 5 i H
HORAT 5 B B2 RS (Ma e al., 2009) . B4l &
1 EC10 ( SCHk H 4 18 45 e 3 5E io A I]  7) -2800
KRR I B 1) 3k NOEC (JG U8 I &5 1 &
JE) . 0 S B i R LR A S AR Y B
o A BB, D3R L A5 A T B ME Bl ) S R
Y/ ioh A 09 RH B T B 2 R, S5 0 A5 SR DUAR Y A i
(mg-kg ™" (dw) ) FEow, [7 i i A 06 B2 1) + HEvE R 2
Bs . 6T R — P R A 2 A 8Os B R TR
JURT BB TE 1 Wy B F- 1 7 EC10/NOEC fH A 2y e 4
{EL. O 8 1 A 21 AWl (19 FhREY) 2 Bl CAE YD) 1Y
A S TR RO (3R 1) ¥ R AN I 3ROR 1Y
BEMEBIE EC10,,, , A HG 9250 + A IR E 5653, B
R AR B A8, A SO i EC10 ¥4 EC10,,.
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Table 1 Copper toxicity data for 21 Chinese species
CEC EC10

L7 PN 2 pH oc J(emol-kg™')  /(mg-kg~!) EE PN
3% A ) R 4.9~6.0 1.5% ~4.6% 5.9 ~16.1 31.2(13 ~75) Ma et al. , 2009
Fokb R 4.9~8.9 0.6% ~4.3% 6.4 ~33.6 144.5.0(34.8 ~715.0) Ma et al. , 2009
FH A 4.9~8.9 0.7% ~0.9%  7.5~9.8 22.8(14.0 ~33.8) Ma et al. , 2009
TG 21 i 4y 4.9~8.9 0.6% ~4.3%  6.4~33.6  204.5(76 ~651) (k) Ma et al. , 2009
INE ) 4.9-~8.9 0.6% ~4.3%  6.4~33.6  44.4(17 ~140) (ik¥k) Ma et al. , 2009
NS iy e 7.2~8.4 1.1% ~1.2% — 216.4(186.0 ~251.7) ARHAT , 2008 ; 25 B 25 | 1994
N A ) 8.5 0.53% 23.3 HEE, 2008
..... . IR 4, 2008 ;
PEH MK 4.9~6.0 1.5% ~4.6% 5.9 ~16.1 25.9(10 ~60) AR 2007
EAN A K 4.9~6.0 1.5% ~4.6%  5.9~16.1  49.5(25~98) igiiiggj

. W 455, 2008 ;
R K 4.9~6.0 1.5% ~4.6% 5.9 ~16.1 43.5(24 ~79) WA | 2007
i s 6.9 0.66% — 213.5 i Ha i 2, 2010
LI Wy 7.1 1.84% 15.8 231.6 WA M %5, 2004
KA iR IR 6.31 2.61% 12.47 125 PR, 2008
KAEA AW 7.31 1.36% ~ 250 HOKANEE, 2009
SN H 4.68 1.99% 5.42 7.7 TP, 1996
PNEES Wy 4.87 1.56% 6.9 5.4 -z 1, 2009
W3 EXE 8.9 0.69% 8.33 230 Ma et al. , 2009
i ER7E 8.90 0.69% 8.33 212 Ma et al. , 2009
I3 A 5.3~8.9 0.7% ~0.9%  7.5~8.3 25.8(9 ~74) Ma et al. , 2009
067° R 4.9~8.9 0.6% ~4.3%  6.4~33.6  344.2(38 ~1562) (#k¥k) Ma et al. , 2009
B E Y SIR* 4.9~8.9 0.6% ~4.3%  6.4~33.6 75'2(10'7 ~991.0) (i Ma et al. , 2009
o A ut)

e FP M 240 pH OC (AT HLER) \CEC (PH B 7384 it ) Dy 32 3 + 3 i 3 [ {4, EC10 LUJLAT ¥ (EC10,,, - EC10,,, ) B3R, ik
VedRTE A Y # S N AT IR U AL B, L R AR T Y EC1O B JE F AR R £ 5 b FE A EE R A W 487 0 H R4 (Ma et al.
2009). ¢ Q67 JyFI K 6 H Vibrio-ginghaiensis (Q67) #4171 & M2 9255 . d SIR ( Substrate induced respiration) > 3 Jii 75 5 I W 13 72 .

22 YEHEZWAARREYEIEZLEUTSHKS

R

€ pH BH BT T A 4k (CEC/emol kg ™) |
K % 5 (Clay/% ) A HLIR & & (0C/ % ) X -3
W 4 JR T R 1Y AR W) A RONE /w3 S (L
et al. , 2010; Z=J% 45, 2010a) , K b AP [ 17 44X
FANERAH LR i (22955 ,2010b) Ay pH [ CEC,
Ki L& & AR & & (0C/ %) 1FE 0 A 72 &l i
SPSS19. 0 HfF it 47 K-35 8 5 28 73 # LA 2 v [ £
HERY SR 5, R pH (HTEK KRB 155 2%
T 1 h, # & 30 min J5 M 2 ( Rayment and
Higginson, 1992),0C & & il & 715 & %k 5 JC WLk
G Z 2Z 315 (Sherrod et al. , 2002), CEC }#: T
NH, Cl 2% w2l 2 ( Gillman et al. , 1982).
2.3 EHFEFHENT-MLE

WEFEEANT (2, 20105 F5 K3, 2010) 3 F

[l AT T OB Y AR W, BEAR TS R Y
T 1 RS S BT O R, LA ST Y AR ) B
P TIN5 G 3t TN ] A e ] R R
H R AL AP O AR R AT A A B —
HH PR R A 1 4 B H X B G At - 3 6 R 1 7 4 Y
{EL, RIS — 6 Ak 2R AR 8F 5 M) T BRAT 190 B A ) 25
PR (2R, 20105 F -9, 2010) (% 2) K HAGH
FRUEIH— LB R AR F . B B 0T AR A
F149 490 ol 22 0 25 1 T 00 A 2R Rl ] A1 HE 36 i ) >R JH A
Jo7 AR (£ /N R AR, 2013) i %t A B Jo AL X
B 2 10 0 AR Xk SR ) A B A 36 IE 14 ) e,
5 HAE T 7] — 35 7 G 14 F B A [l 5 4R e —
£ (Wang et al. , 2008 ) , 3 Fift 49 Ff [1] 1) S04 J5 3 XF
T[] — 2] 1) AN ) 400 o >R A A ) £ Ak B85 9 HLTH
B 1 e SRR 2R, AR EE T AR ST R R I — A Ak B
SRR T /0N 5 B0 o R U AR R A
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AP E i (OC) — S8, 10 AR £ 0F 52 R B+ 0%
pH X4 Xof 3 A= Wy 7 PEAT R W B o R M 5
2003 ; Lee et al. , 1996) , LA 1logOC — P21
/NESERALH — LAY Y R EC10 I 200 T
4% pH RS MR, PRI A 04 21 A Y R R A T O
— AR N SRAE M 28 S R B EC10 (B ANk S
7E pH =8.9.0C=0.69 % .CEC =8.33 cmol-kg 'y
+ 4 EC10 Jy 437.0 mg-kg ™', M| 5 H EC10 {4
SRR E A (1ogEC10 = 0. 092pH + 0. 87310ogCEC
+0.635) X i I 4 38 M 5t 2 5000 ek B, AT IZ

5 HAR T 500 pH I CEC 1% 22 (8 1 2 X o 1 48
AR — LB — & RRM T AR A X
LA [A) M 26 F T ) 22 A ECLO R, ) 53 51) X 4
A~ EC10 A7 I0—A4k, BUH— 1k 5 EC10 5 JLfaf 45 {H
Y9z W i) 15— f¢ EC10 {H. [/ i i F A< wF 52 o
JIt 2R P A B B T R Y g R T R gk S L Y, RV AE
HEAT A 1 00 1T X 52 56 S R AT v e A R Ak B
DAl > 52 36 3 N T 5 e 5 B A S ¥ e i 22 53¢,
PEAEHEAT I — R AR BT 2 1 AP 2 R Ut IR 55
B 0O MR R e I AT A E.

K2 AT MYM/ERP-—UREENSEEAER

Table 2 Copper ecotoxicity regression models used for normalization of 21 species or processes in Chinese soils

L/ BRI (R ZAL) R

géz;zfuf%\gjfmiiﬁaii logEC10 =0.092pH +0.873logCEC +0.635 " 0.561
INE logEC10 =0.7061og0C +1.554" 0.559
KFE NFE KFE TER IR D U logEC10 =0. 159pH +0.59710g0C +0.702l0gCEC + 1.177" 0.825
ROLH (Q67) logEC10 =0.411pH +0.033CEC -0.942° 0.662
B BT S 0T (SIR) logEC10 =0.565pH +0.2830C -2.247° 0.583

a. B H2E B R 2 AL T E 5 b ok B 235 30k (223, 2010) 5¢. 5k B 278 3CHR (5 48, 2010) 5d. R 9 4 )8 7 00 H #9580 B

A

2.4 PleBBEWER

FEXS SSD fhk My g, 2 T4 i 7 A i =
B & 5 ¥ (Posthuma et al. , 2002; Kooijman,
1987) , 3¢ [ EPA JXUK: A 4 75 8 JH log-normal , i
KR A PG 2% R A Burr TIL 3¢ 4804 07 15 19 HE
BOFIAE 98 0 — B A 35 22 £ 47 (Wang et al. , 2008 ;
Duboudin et al. , 2004). % A} Burr III, log-normal .
log-logistic , Weibull } Gamma 5 Fft & F 214 K
HeRB (W3 3), M@ risk5. 7 ( Palisade /3 A H
i, KU 5 DR SR 0 BT 3 1F ) 23 3ol % A — A B ] £
AT ECI0 (B EAT 5, @S 0 I 2R
R4 SSD il £k Ho B H AU ARG 2

3 #£R5iFi8 (Results and discussion)

3.1 SSD 4 & % ik %

FJ A Burr II1, log-normal , log-logistic , Weibull £
Gamma 5 P F e& X000 0 005 TERIE (I 1) (i
PR Ko A IR - S b A SSD il 2k DA IET 1 AY IR 1
+ 1% SSD i £k r] & 1 , Burr IIT 5 log-normal # )~ bR
Bt A A i 4 92 b Bl S B BT, T AE Y
fih 50% LA b XK B log-logistic 11 4 i ol Bl &
RORFEE w3 K+ 3ny SSD &k 5wtk + 5
FL. ARWFIT L T Y Sl 5% 11 B R A

120% —

— —Burr III Log-normal
— - =Log-logistic -+ B
9 —
100% I
80%
3
B 60% |-
&
Bk
40% [~
20% [~
7.
0 C "-“—’l |
| | o 100 1000

i EC10/(mg-kg ™)

1 BETHEPRRESH &S AR SSD £k
Fig.1 SSD curves for copper fitted by different distribution

functions in acidic soil

f9 HCS (B, X Bl Jy 1) (WK B2 ) A 4005 K B2 BE O %2
R B 4b T 50% LLR 5 N B IH — 16 S
9 EC10 {f 53 i R H 4005 /9 EC10 fE 35 X Bl oy
[a] ) MR 1% 2 (Root mean standard error, RMSE)
LIS LR IR 3 AT & 4 Fh AL B 2%
P i Burr TIT #0051 H 58 RMSE (B 1 8/, HoAU
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B RCR i A, T log-normal )45 1155 1) RMSE {4 1
HeFI 28— A BORAUK T Burr TIL 2555 18 5 B
PRECE ST RSB (Y Bl BN N L5
(E 1) J X %Y RMSE ff b 45 5%, B Burr 11T fE
ST AR SSD |l £ i pR B FENAE (2009) F RN

[Fi] 43~ A5 bR E5 UL 5 30 3 356 RN R P AE K 4R H g SSD iy
L B IR AT Burr T 4015 RO B AR 1 45 3L | [m) B A5 A
¥ W Burr 1T J& —Fp R 5 RIG 09 = 28050 1, v
THEHF A log-normal % ZFp 43 4ii (1 %54l (CSIRO,
2008).

#3 AEEHMEHEN L

Table 3 Accuracy of different distribution functions

y 78 ikt il 1 £ FaW/ 3o
RMSE * He RMSE Her RMSE He RMSE He B
Fgys — 2
Burr 1l * [1+<L)"]k 3.6 1 6.3 1 5.8 1 8.5 1
X
log-normal FCa = qb(l”i_,“) 4.0 2 13.6 2 28.2 2 16. 1 2
o
X 1
. F(Cx)= ————
log-logistic 1+( B )”‘ 18.3 5 48.2 5 109.0 5 47.3 5
x -y
Weibull FCor=1-e ) 10.2 3 26.3 3 43.0 3 26.2 3
r,
Gamma F(y) = F/‘(’( ;") 12.0 4 38.5 4 60.1 4 32.9 4
o

T FF PRl EC10 {55 4805 08 BBt FL V159 80 34 D5 A i 22

3.2 —fb 5 kT —fouy SSD # & R

35K 21 A4 B ) A 3 B 2 B R R 2 p
PRI I — L B A W] 355 (& 2) . R TR I
— A B A — Ak B AN R 2 R 4 4 v Y 4 EC10 3 i
Burr TIT 48075 @ 37 SSD ik, 45 &l 2 s : 5ok
H—4k 1 SSD £ A4H bt , CEC {HAAKAY 11 rh SSD
M4 Ac, BP HCS B %5 AR I3 — 1k 9 HCS B /), T
CEC {H%CR Y 158 vh SSD il 2k m) 45 fi #% , HCS B 44
L 2B R CEC & 5 X4 SSD 4k o0 i A K
FA) 5% i) 32F T 52 0 7 HCS {E. Smolders Z¢ (2009 ) #1)
LT WO - M 1) A= W AR B R B B B A B )
SH A6 B A & B F 28 4 i (eCEC) 2y 5 F 35
cmol-kg ™' Ay - E# SL T SSD i £k, &5 SR KA
eCEC 2y 5 1 35 cmol-kg " {1y £33 SSD iy £k 43 51
TARIH 1k SSD 2 ny 224 Wi, 5 A i 53 45 2R 2
Ll N 2 thaR Al & R PE 13 (pH y 5) A4 SSD
M AL T et 3 (pH O 7) B9 20, R BIBEE + 4%
pH 34 K4 SSD il £ M 72 [n] 45 #% 3l , 1 3 b 4
HCS (A3 K. IH—fk )5 iy SSD i & 7 R AR LT
20% J N B IT — 4k SSD il £k BE B, X G B A Bt
FREBMR (Y i) (Er3g R e, 5H—1b )5
1) HCS {6 EA 047 ARG o B2 A R B0 h [ R R
BUST IR 220, AN [) DX s 38 M o 22 S K, ] — b

LEE.SE7/ b NS s RN e SE7 b o N I = 22 =y
4 5 57 2 B M o 25 S S . SR T A W
5 TR %) 7 B 2 JOHE R A7 U0 — b b B RE 1A B -
PO i 75 5 A9 5, SRR S L ) Bl R )
A1 12 5 4 A W) B AR 45 5 O ST X A ]
SEACE T OB A S B E B T R AL

100% -

80%

BRER

40% ;': LY [ . pH 5, CEC=5, OC=1

fyy)f  —---pHS, CEC=15,0C=1
— . — pH 7, CEC=15, 0C=1
— — pH7,CEC=5,0C=1
— A

20%

Lt | 1 |
1 10 100 1000 10000
#i EC10/(mg-kg™")

B2 FRELEREE SSD ik
Fig.2 SSD curves for copper in different soils

3.3 WEEFAEAEFE T HHE SSD &

A K-Y90E R0 M s 3 v [ 3 i IR 1 1= |
P CBUARR RS ) B b R v AR K 4
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33 %

¥ R

PSR 5 (2 4) . AT Burr T eR U5 H — 1k
2 4 B SRR 5P EC10 6, 205 7 1 SSD il
2 (1813)  BRAS BP0 FR AN 4 b - 58 v i) 2 b SR
P B — 2, KA NEE R SRR AR Y R
BAUR, Ab T SSD i 2y BB TR A2 NV

S /N SRS 2 B SR AE W ) A B RO U At
T SSD i Lk M IR HR , 2= (2010) K T 18 By 21 HE Al
7R R AT T AN [ 40 o %) B 2 3 MR B L AR
JRUEWI/IN B 3R B BUR B MR R OE R Q67 BRTE
Mtk £ 3 b Ab T SSD il 2y f RSN e 3 4

F4 HELTEIHARESPEH HCS E

Table 4 The 5% hazardous concentration in four representative scenarios of Chinese soils

+ e H CEC 0C Cl. HEs
-~ P /(cemol-kg™") o /(mg-kg™")
R 4 5.0 10 1.0% 55% 13.1
b (SRR L) 7.0 15 1.5% 35% 29.9
£ 7.5 25 3.0% 35% 51.9
Fay/ i 8.5 10 1.0% 20% 26.3
120%~ 120%~
efrit: -39
100% - 100%
80% 80%
e
B 60%[ = 60%-
40% 40% |-
20% - 20% -
0 | 0 | |
1 10000 1 10 100 1000 10000
= o, | P |
120%- i EC10/(mg-kg™!) 120%- 4 4 EC10/(mg-kg™!)
[C1ERap/dEm: Btk 3%
100% 100% |-
80% [~ 80%—
L L
- -
B 60%F B 60%F-
40%- 40%
20% 20%
0 1 |
1 10 100 1000 10000 %0

#i EC10/(mg-kg™")

B3 hELE4FHAIESIFA SSD MLk

£ EC10/(mg-kg™)

Fig.3  SSD curves in four representative scenarios of Chinese soils
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e Y00 T SSD il 2k b i 5 1 AR B 5 5 I R
(SIR) X 4] #5 3 04 R0 R 3 D0 B 2 pHL 398 K i 1
5, AU MR £ < bk R < B PE 1 R0
PEAT R PE £, Q67 FI SIR ¥ J& T ) 4 75 % UL
KB . SSD il 28 19 3 57 AR AN B 1 AS [] 49 ol ot
) 7 I SRR B, A T AR R e ) Y e R
e PEFRE AN 6] B4R 9, Sy Aol A 7 R 55, A AE i s
Yudge Sy WY 5 1) - 398 W 2 pEORPOR R 2 /N 2 45 0k A 7
FEAFURREAED).

MIE 2 i a b P45 SSD 4k m T & M, 74 40 A
b b A BB, R 2 R B R S BORR, 2R ik
(2010) 7EBF 55 WA MG 2T HE AN 1L R 3 b 8 NI 9
Fof et 4 B 3 A SRR A T 22 S IsF R AT B AR [R] 14 4538, T
VG LA A1 R 22 O [ B A o £k 41 23w o e 0 1l
E RS M B R AR E P TS
HCS {8 /75 327 B0l R0 40 ok BT X0 4] 7 35 sk
1 5 S5 R, W 4 57 - HE A HCS i (1) 55 B~
BAE R T 37 A, b U 9 MEM YA H £
SRR FE Nz SR B R U (Kb T SSD il £k
R EBO) A (EU, 2011) , PR A BF 58 4 5
(9 HCS {25 PRSP 1Y .

178 e N R e AT 0 e w1 % o | P A/ 2
TR R g HCS {450 13.1.29.9 51,9
26.3 mg-kg ™', A [A] A 4 g HCS i 22 01 80K,
H K% + 3 pH CEC (¥ 3 K, HC5 {H 75 B 2 3% K,
Aok HEER S HCS (A2 8 1 sk & R A ik —
AT I HCS (B BE 3 1 BT B 722 1 1Y) 45
U B T ST TR R A R R R O AR S
J5] (L 174) 0 L

4 #5i (Conclusions)

1) i o Fb % Burr III, log-normal | log-logistic |
Weibull &% Gamma 5 Ff 431 R 50 A9 L& 06 B, & BL
Burr TIT {85 &% R A2 52 EUKS 0 B B, 7T T SSD
Fay k.

2)7E SSD il Ly i # oy, % 2 B 2 BUdE 5 —
U2 B UH — AL B R B 3 1 T X 4 7 Y
Wil H. HCS H A7 5 4F (0K 1 B2 AR 0% AR L TR A
— AL AR AL

3)AE [ LAY 4 2R R 5 B R A
KRB BN KEFREEY B 4 £+
NG St b ) P U BE R A AN BB, A AN 7
PEFTSZ M, H HCS {5 22 HIAR K, H{E 7E 13.1 ~51.9

mg-kg ™ ZJi].
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