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Abstract: Copper is one of the essential micronutrients for all living organisms, whereas abnormal levels of ex-
posure to copper could be toxic. A case study was conducted on a wetland reserve in Southern China which
was subjected to heavy metals pollution. Following the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality, species sensitivity distribution (SSD) models and joint probability curves (JPCs) were
constructed to assess the ecological risk associated with copper in the wetland reserve, and a guideline value of

copper in water was proposed. An inventory of 415 native species was created on the basis of the historical bi-
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ological surveys in the wetland reserve and other literature. Copper toxicity data were collected for 13 native

species from the ECOTOX database developed by US EPA, as well as peer-reviewed literature. Seven SSD mod-

els were then used to fit the toxicity data including Weibull distribution, Log-normal distribution, Normal distri-

bution, Log-logistic distribution, Logistic distribution, Burr Type IIl distribution and Gumbel distribution. The

SSD models based on the copper toxicity data of the 13 native species could be reasonably interpreted, and the
expected total risk given by these models ranged from 0054 to 0.121. Based on the best fitted SSD model, ie. Burr

type I distribution, a high reliability trigger value and a moderate one for copper were derived respectively as 255

pg L' and 141 pg-L" for aquatic life protection. Considering the attainability of the management goal and the cur-

rent level of ecological risk, a guideline value of 3 pg L was proposed for the water bodies in the wetland reserve.

Keywords: copper; ecological risk; species sensitivity distribution; joint probability curve; guideline value

WHREYVFENRECR , BEAESRBE SR
WEBTEZ -, UEBRBENEYTEETENR
MY, BEMREERH TSR EAXBIOHATE,
AR W B M, P AR AT Ok (81 38E ST, B W £ 2K I R
RS R B A B BRI GE 3%, JF RE TR TR B e 38
W, AR A e Y WY B AR O A Bh
Z RGP A A5 T N TR U A RO, 5 R
BE FmMBEEGILEE, BRRRENYEL,HS
ZERFBE AR A P B Y W R EORAE 3h  AE k
T4, PO SR, BEIR 2 L A AY T R T
A R AR R R E R E AN,

He 45 XUBE PRt (ecological risk assessment, ERA)
AATHEAEEEYEN UM BENEAETR
GHEEY , FAKER FRA FEAERERME
Ry, HERETURAEYRMNAERERER
JE FiH B JC 3% 1 R FE (predicted no-effect concentra-
tion, PNEC), LEK T | RRFHEESKE, LES
KRR, WEETFEEE, HEHEER
K A TR KD, AR BRESRAEZIRE
EREEMRE, WS T &S XK E S
EPEMET, MERE UG ER R, BEAESK
BUBROE AR XS AW EBERMEE
BREZEWEEMBE, 41 0% 2 EEMargin
of Safety)Bk MBE SRR L™, EMEREY
FEE T YR 2T (species sensitivity distri-
bution, SSD)HI & FER AT EREYH TS
B, 3 B R R B 2 % R R & 8 A B KU TR
Mg R=,

A& EBEEL ERA A EMBE R KAEE
DRGRIK REYE, I 48 1 5 K 35 5% T B An
WEKEHKEEBRE™, £E . KEHE. MEX,
BAFIEAFTE 2 LT EIES KRAL (Organisa-

tion for Economic Co-operation and Development,
OECD)45 E K AR HIE T =48 9K 4 A= Wy B v
HHEF B, FEGE TN E T (Assessment factor,
AF)HI SSD B W2, fiE @ AN PR K
BHHIERLIEN AF 5B 2, EENFA A oY
MEEELSRERS SSD R, Mt SEyR
HED, B E R SSD Ty Bk i A A9 B BUE &
HomBaEE T ARRKER, Wit ZEHERRF
B {* 4" 5 (Environmental Protection Agency, EPA){#
P E 7 $OHE P 37 B B 4 U4 B (Final acute
value, FAV) 1 & & 1€ % {H (Final chronic value,
FCV)™, A B 5 SSD Fik%K Ll

2 3O U [ B O 3 U M IR T 0 R 1 v/
BREBAESRPRENFRREG, ZRPXER
15 hm’, 53T B LB HE IR A BT, TUA
THEHEERHEL, BTREKHLTEHARE,
KEBRL, ZRFPXERGLREBEL R ALK
HEARVEENEERLGZ—, B THEH
KEHELF K RME R HR, ZR P XS
Bk BB . M ZIRT 2011 FEHRBRERE %
PRAP X B AT 9 338 F) UK A BB 58 255 & (MK K B A
#E) (GB3907-97)5F = RN ER, K . ELRBE
FER—RBEIRTER,IFH B 2008 FLIRELEIS
A MR RS, TR B AE SR XK EA
BRGEMBRNE B TR XA 8K EFRE Bk
M AKHRE, BT H 5 Z BB K AR, A XX
VAR 1 B FF R B 9T, 7E BRAR K B 23 7 FI K A= 4 4y 4y
FPEABTAERL M ERE T ARMY A SSD A,
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1 A ik (Methods)
11 AR R EIMBERRE

BEBHASEP X EEBITRENEYRE
PR R H A SRR AR TREE 415409
FEER ATHEETABY MK SSDER, 4
XX S gy B VESIE Bk B X E EPA B ECO-
TOX ¥ #E FE (http//www.epa.gov/ecotox/) Fl [ W b
FECERE . WA, b T %05 FI BT k18 BB
84 s Wy 7 9 AR, A IR A ECOTOX $(3E
FE fR T ZK78 B0 24k 180 /N4 b &4 4 XL I G 35k 1o ok B
(no-observed-effect concentration, NOEC), & {i 7]
IR 1) 3% 17 ¥ (lowest-observed-effect concentration,
LOEC)#I & X 7] # % % ¥ ¥k ¥ (maximum acceptable
toxicant concentration, MATC)E(#E Ll X 145 1~ ¥
4R BOE IR B (LC,, ) BLAE BN YR B (EC,, ) U3
U SSD #Al, F 5 TFA MY M ER SSD KA
M.
12 YyFp BB 2 75 (SSD)JT

SHERBRE BRAXATMFEZ NEXE
ERMBX RS X, HEBIEXHRRON
HAETRBE(R T 22 %), XESRB(B KT
FORT VG 22 3R /K TG K K R 38 8 ) o B9 OF % T R BF
K. ZHEEEKELEDYMH I AL KE R
B OOE OKEMEY AV FREF 8RBT
SSD ML ZELTBEHRH P 4 KM 5 MR, BIFBIRIE
BERER,BR AFERMAFLEEREMNEES L
B A b e3P 0 B b , i L A ) b ok B R BR ]
E9h XU LWBHENRXEE, SHEHAETERE
NOEC.MATC.LOEC.LC,, 1 EC,,, [IBY, 7 3C#% f
ZHEETERHBERR TSN TE, N EERRP
BERASHE . EELAS BERE JNAE BF
HATE BUERHMRERBEHT IS, HEED
ESIULBERTRELES . TR —%MHER
BB AR, KA Grubbs B AT HE. Z
J& BURL UM 32418 ; 3¢ F [/l — Y # A R 26 9 £ 4
B BB /ME
13 Yy Rh R E 5 A (SSD YRR A fih 2% (B 3+ 38 o ¥

(UK 2 A H P 22 SRR B KKRIER) €
XTARTHRESFRN 3 XM EE, DETRE.+
Lo EEMETTEEMRRE, FRAERARTEE
b RAEVE KRB, ST M EERMS%,
FREYUFEH, ZEHER IMERTEEMERERN
BRI A R H NOEC H, X T4, KHEH

B v & A (1) NOEC 14 .
_MATC _LOEC _LC4(ECy)
NOEC = s T g5 © 5 @O

¥ BT A (& #4LJ5 #9)NOEC {8 # B8 i /N B K
FFHES , #5 F Hazen 2K " HE MRS ER
e, X Q):
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i
Yi" n (2)

H,i Rk NOEC Ei/NAl KHSI G B9
IR, n ABE S BE,y, BN i 9 NOEC fEXT
N B BRI

TECERP VAT A B A b, A ST BCE KA
XERFNMAFHRHERESEH 7 # SSD A,
BPIEA 7 X BUIE & 53 76 L Logistic 20 i . X5 Lo-
gistic 43 \Weibull 477 .Gumbel 43 75 #1 Burr 111 &Y
S Ao ARICNTIX 7 Fh SSD MBI FF RS LB, —
HEATHBEYHBERNEEYA BT HE
B ONMREBRENESRRM T, 5 —FERERT
HESSDEEREBEESKNBITFNERIHEN
WEM, % LR NOEC EX HAHMM y A 7
SSD # &, 43 B AT B, SRS B {H , 338 iF Kok
mogorov-Smimov (K-S) # 3&. Anderson-Darling
(A-DYRE 3 A & ¥ 75 R 1% 2 (root mean square error,
RMSE)XEH Ml SSD BRI 5 HHHAEHY A BRE,
FEETRBIE M A SSD A /5, AT LASR B y B 0.05
BRARE 95% Yy b ef i) 22 S VR B (HCS) ,Bp W E Al
HMRE, PEUTEHMERESEITEEMEEY
HEFEHER, ARMERFERAMNEBHEREN
LC, 8% EC,,, 3 EAR#E SSD # &I+ E A DK HCS &
ERIUAF TR B3 ESWREMEME, AF B
H 10,

14 BREMEML

2% T NOEC #J SSD Mg MKk h i i R 5
WEAHHEE, o DA 1 B4 B R i & (Joint
Probability Curve ,JPC), RIELHMEBERE T X ¥
WYFRET S B, JPCHBELIRARFRBRE
NEERYHBO O, YRR EPEHRRRE
4375 P AR T AH R VR K E R R, JPC 5 M4
ol 4 B OX 38 Y T AR AT LA SR AE B4 KBS 9 3 R M
(Expected total risk, ETR)*",
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ZA3CH SSD A A FIRIE JPC B HE S LU

X ETR 893+ E F X Matlab R4 5B
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2 45 8 (Results)
21 BHMAESRYPROKERHENRERE

B 1 B A AR X P S R R VR S A
HERERSA, BPEBREARFRBERKIRAK
WAKARE RN A EEES IR, ANE1ATRE
H L BRAF LB LR KR KEYHE
KB R M S RIS B0 13 pg L'l 14 pg
L7, T B E O H 3R K IR 5T R B AR M) (GB3838-2002)
A A K B AR ¥ ) (GB3097-1997)%F 4 RO B2 3R L K
FMEMFHELEERBRENL. NE1ALES,
B AESFEPRAKEFHOEETUZSEHERE
(H 3 K IR 58 B AR ) (GB3838-2002)H T 257K 1K iy
B3R, 24 95% B W I B0HE BT LA R (K K B HE D
(GB3097-1997) 1 58 — KWW E R, NEH 15% K
W 3000 55 48 T A R R K R I A B T AR MER R K,
DR EE R, BATiE A SR P XK E D& E
PMEA N 2.0 ~3.0 pg L', T LUK B E B AKKE
A Y B R EOR B4R R vk 3k B BRI S A BT
XEREFETERENER, X—%RULERY,
18 H A AR R AKE M RSB AT RS
BREAR—EMNR, FELESF YRR TRE
S RETE .
22 SREMEBUE TR

BAE 1.1 %5 SSD FExf iy LA,
RBEESFER, 2 Mk, NEE EPA # ECO-
TOX BB FEFCER TR T A4 13 MM HIHE
MR, BIE 1 B 8 (Terapon jarbua). 5& 5 K IR &
(Macrophthalmus erato) % 1L 8 B % H (Brachionus
calyciflorus) . —JE M B, (Scenedes musdimorphus). Bt
35 XF 4R (Penaeus monodon). %4 /K & (Calanus si-
nicus) B8 B 3 (Osteichthyes) . Jo 15 H F & (Sesar-
madehaani)."P il ‘B % B (Skeletonema costatum), %
K ZF (Cyclops sp.). ¥t A &I B (Nitzschia closteri-
um) B 8 1 (Gambusia affinis YFI & B A5 (Gambu-
sia affinis ssp. Affinis). X 13 MR KB (WK
REAF T ZRAKFEKKEREE) MER B,
HEE RHREMFPERILXYHURZEE AR
SR A Y0 R, & 2K Y B A L B 4 SR 30.8% .
23.1% \77% \7.7% F1 30.8% , ZEEFHHEREX
B,13 AR R 104 ZBERBIERB IS
F 51, BERERY, RN, X T FE—%#HERK
BB 2R Grubbs R R T, A0k
BHAZSHEEEREFRETEX LBENREHE, Y
" A THIEE SSD AL,
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Fig. 1 Exposure concentration of copper in the
water of the wetland reserve

T AU-1 T AU-2 25138 (B F) T2 A3 75 22 3 K #0908 2K K B 48
) K RN K AR BE PR 18, US-1 0 US2 FBIR R EE EPA 8
HEWAKMBAKEEY R, CA-l ER(MEXAERBIEE)
RPIRK AW AR, CH-1 1 CH-2 4 B %R 8 B (M F ok FF 38 1|
B imHE ) (GB3838-2002)F 1 3 #¥ /K K 47 HE ) (GB3097-1997) 4 45
— R AR R R, 55 P AR EBE (AT ng L)
Note: AU-1 and AU-2 represent the trigger values for copper in fresh-
water and marine water respectively in the A ustralian and New Zeal-
and Guidelines for Fresh and Marine W ater Quality. US-1 and US-2
show the aquatic life criteria for copper in freshwater and saltwater re-
spectively recommended by US EPA. CA-1 gives the guideline value
of copper for the protection of aquatic life in freshwater in the Cana-
dian Environmental Quality Guidelines. CH-1 and CH-2 are, respective-
ly, the guideline values for copper of Class I freshwater in the Envi-
ronmental Quality Standards for Surface W ater (GB3838-2002) and
Class I marine water in the Sea W ater Quality Standard (GB3097-1997).

All these values are given in the parentheses in pg-L"’.

EX BAFuYy b ESBMNFAZELER
#8 LOEC #(#E , E S KIRE L SMfHm A S E
A NOECH#E. RFAXZHE . PEL£E.GIK
BMESKBES, KM EE LC, BB, BEH A
HEE T ELFEMO KR A BC,,BHERE
LCyo
23 YR EURE 2 (SSDYEE R 7 fuk 2
231 HAREMEMEE

SSD BRI MM G 4R KW ,7 # SSD A K K-
SKEp HHKF S, HHAELKITE X L, B4
SRPX 428 BANAEYFHHEERIE Y RMAX 7
RS, HE, EADT Logistic 2% M Gum-
bel 437 Xf NOEC B H MM A MR KE,AD K
BWHERERYN, X3 p EBETF 001, K6k
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it A-D BB, T Weibull 4375 . % $IE A 476 .
Burr 111 & 4375 1% $0 Logistic 4r i ¥t A-D &
%, p 4514 0.90.0.98.0.96 F1 0.99, H RMSE
ANF HoAth 3 #F SSD A, H X 4 Ff SSD #E A Sk
FEE BT B L 13 A b 4 o X 4 B M B W L
¥ &, H RMSE H/MN 2 Burr I #4375, X 4 %
SSD BB SERURBHESRIX 42613
AN TR NOECEWE 2 frs , A h RIRF G H T
4 Fh SSD M AIH) K-S ¥ 3 p {H# RMSE, R#EEHE 2
A P SR 5 95% ¥ Fh B K A o 4 ok B 9 HCS (B
B AT 52 0 ik R B, Weibull 4045 X $IEA 27 .
Burr Il 4> 75 FI X X Logistic 4> #i7 4 f SSD # &
B R K048 ~255 pg L, PRI AHERK
f Burr I B 437 45 B & fH R 255 pg L7, X 5
EEBWRKEEWEREL pg L' RIEE,

A 3CF F| il ECOTOX ¥4 B2 b v 3R 18 & 44k
180 /M B 40 NOEC (4B & . T SSD &Y, %t 7
i SSD BRI MM A L R B/ £, Burr I & 4
HHHERRERE, X—ERFHNTE 2%, HU
237 95% M Fh b B 4n , RIE 2K Y F Burr I B 43
7 SSDEBA BB AKEPRAKENR TR
M RE R 278 pe- L', X E5R\EEHAESKPX
BN EEEEL .

1.0
0.8 e =E
o s %% .

" 0.6+

8 S 0.4+

Scenedesmus dimorphus

Gambusia affinis

(LT Sidss — ]

> H1 Brachionus calyciflorus

232 HEREHEMEE

5 NOEC HHIM &4 R KM, & TF LC, & EC,,
FIEERY 7 Fh SSD AR K-S KR p EHB KT 0.05
{HIEZA 476 Logistic 437 Ml Gumbel 4375 Xt & 4 {E
KELEHRXE, AEET A-D KK, T Weibull
A S EUE A 275 (Burr 11 BY 43 /6 #1533 #X Logistic
SR A-D K%, H p 15455134 0.77.0.92.0.97
#1091, H RMSE /NF HAth 3 F SSD £5), H X 4
F SSD B E E ik I ARSI B 12 DA s R
Xt R B R 2 56 % , P RMSE B/M#2H Burr 1T
RoMi. X4 % SSD EAMHAERUREBHAE
BRPX 4K 2 MR HE LC,, 3 EC, EHIINAE 3
Fin, EPRINAHT 4 # SSD EEK K-S KK p
{1 RMSE, HRIEE 3 7] LAHE SR 95% PRt K
e g YR B 89 HCS {8, X $0IE & 40 75 \Burr 11 2 43
i FIXTEL Logistic 4375 3 & SSD B ARIA G R K
530 ~ 1407 pg L' , KA KR RFH Bur 1T B
4370 45 B9 HCS 7 14.07 pg L', B KXF T
BT ZIRARGKKEERE)WER, B AF X
10, AR L.C,, 1 EC,, 18 B oh S TS24 i 52 £ 71 41
pg L' X SEERKKEEYHEAE 145 pg L' L
RBAFTEMF A 2L KAEEYRE 14 ng-L' 0K
K)FI3 pg L' (KB IR

it BB Gambusia affinis ssp. affinis

s i PABAA S v
e
e

Skeletonema costatum

IR 8% Macrophthalmus erato

- = = Weibull 73 1fi (p=0.94, RMSE=0.062)
Weibull distribution
-~ W EEE 534 (p=0.98, RMSE=0.047)
Log-normal distribution
Burr 4347 (p=0.99, RMSE=0.045)
Burr type 1l distribution
--- %t #Logistic /1 i (p=0.99, RMSE=0.047)
Log-logistic distribution
— &RFD (p=0.71, RMSE=0.018)
All available species in ECOTOX

0 100 200

T T T v T v 5
300 400 500 600

NOEC/(pg * L)

B2 ETF# NOEC {ER/) SSD =&
Fig.2 SSD models of copper based on NOEC
HBFE AR YH LR ILERIRE,

Note: The name of the species is labelled in the figure beside the point that represents the NOEC value of the species.
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08 1 Gambusia affinis ssp. affinis
Fo ki A - 8 Sesarma dehaani
1 {5 4k ¥ Skeletonema costatum
. v, B4 3 Penaeus monodon
> 06 7/
= | 7K & Cyclops sp.
g E y/
% = o S - = = Weibull4 75 (p= =0 08
& £ f/ i} 6 3 Osteichthyes \\uhull/,‘ﬁ: (p=0.75, RMSE=0.080)
K e s Weibull distribution
BR _"_'E ’ cpAEHT K & Calanus sinicus - mmem SPEUEE A5 (p=0.92, RMSE=0.062)
E — Log-normal distribution
b e Scenedesmus dimorphus Burr 43 75 (p=0.98. RMSE=0.056)
o . o s Burr type Il distribution
4 A B Gambus tis e ;
2P ANEEEERDE A ¥ Logistic /3 1 (p=0.93, RMSE=0.063)
i 7 25 Nitzschia closterium l.og-log'l.lsllc d"smb““”” _
—— S RWFh (p=0.97, RMSE=0.015)
WA FE 4 HiBrachionus calyciflorus All available species in ECOTOX
0.0 4 T T T T T T T T
0 500 1000 1500 2000 2500 3000
LC(EC)(pg + L)

3 EFHLC,(EC,) k) SSD RH
Fig.3 SSD models of copper based on LCy(EC,,)
EAPEAFTRROY M EHRLERRE,

Note: The name of the species is labelled in the figure beside the point that represents the LCy,(EC,) value of the specie

i RE , A< S0 F Fl ECOTOX $UHE FE v AT 3R 78 19
Sk 145 N R B4R LC,, F1 BC,, B ¥EEE L T SSD
AL, %F 7 F SSD A MBI A 2R LR E &I, Burr
MASHFHBERRET, X—FRFFTHES3
o TLAEYT 95% YRR N B iR, B8 £ kY # Burr
11 B4 #i SSD R A LU BB BKE P ER
AT REMEAAEN 137 pg- L', X5RFBHLE
BEPRAMYFHEINNMEEES K,

24 EHAERRYXHE 0 ESKR

FIAE 1 g A S OR Y KK A BUR 4R ¥ B9
BERBERSHME 2 F 4 HBASHEBRFN SSD
A RSB EE 4 iR JPC, LIE 4 g
AR AREUE 0.05 A6, A E H 8] LAFE B Burr I #4537
Xof JRE B A A AR BRU(E 2 2 0.09, 3X 7 B 4 3 LB b 4=
SHRPREF 5% WFHZBRFRHAERN 9%,
AHR Mo, B3 Weibull 7 RE DKW BERR 17%,
MR 4 Xt B0IE &40 A ST B Logistic 4 7 B AU 15 B 49
BER A K 13% . WBTETR, JPC BREE WM AL R {E,
HA BB, Bt 4 F SSD HAEHE 5 B HH
A AR HEBRAKR R Weibull 477 > XT3 Lo-
gistic 4375 > X P IEAR S > Burr I B 4347, H A

B9 ETR 435124 0.121.0.081.0.074 F1 0.054, Bi £ 30
RAKBEFRET , BBESREPRNY 54% ~12.1%
KM ATRRZREOAFER., BrTENIIMESE
PARERBEFRRDPRENYRREPKEERE
90% ~99% Z 8, 95% BL, XERH 4 #H AR
SSDH EI T BB B WETRE AR FREW E90% ~

0.257
— Weibull B4 40 4
g \ Weibull distribution
= \ RE R S
) é ¢ 0'20““ \ Log-normal distribution
M-82 } Burr 11 5345
<8
ER g E \ Burr type HI distribution
:Z o8 0.154 i\ e A B Logistic 43 i
) & e Nee Log-logistic distribution
(3 o \;\
o ~
=0 0.10 \
@
< \
£ 0.054 7 \
& ~.
0.00 T T T T Sy
0.0 0.2 0.4 0.6 0.8 1.0
SR A
Fraction of affected species
B4 ETTESSD EHBHALESRE

Fig. 4 Ecological risk of copper based on
different SSD models
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95% IR FHER, BlEHRRFH Burr 1IN &
DA HH ETR RREMITEBERIW, B 5.4%, B
94.6% KA LB BIA SR . 58 SSD KH
B2 B A Y R L BB 95% B S X 8], T LU S Burr
Il %4> #i ETR f5HEM 95% BRXHE K 1.2% ~
108% . B, 2 CBF 53 1B AE R P X oKk p
ARBESKEB K FEEER EH AR TESR
KI¥E,

3 it -i:k(liiscussion)
3.1 YFhEEFEXT SSD H A F R

St G 2 R TR AR SR X A i 4 A
ECOTOX B#IEEF &AW R E 4 SSD EE W
UES , EREEENEENEFEXTTHE . E
vk B BRI AR . X2 By ECOTOX #U4E B
HWYFEE ,NOEC # B B H K (0.03 ~ 12 680 000
pg L), MAERKREBRMREEBRYAE L ENOEE
A, TR s A AR X A H 13 170 ) NOEC W] 45
XtEF Q79 ~55394 ng L"), A<M 13 HHFF NOEC
BB /NME 2.79 ng- L' (v, =0.038) i % 37.14 pg-
L'y, =05)f & K{H 553.94 pg L' (y,, =0.961)7E &
& 180 44 # NOEC & o X 1 B9 R ML 2 2 51| 4
0.058.0.525 #1 0.864, L AT W — F MM B M HE
BRI, 208, B d B RP X A 12 4
Y1 Fh LC,, F1 EC,, B /ME 14.87 pg-L' (v, =0.042),
g 15779 pg L' (v,, =0.5)Fi & K{H 2878.72 pg
L'(y,, =0.958)7E 2 1k 145 N HFh LC,, M1 EC,, B
XoF L 0 B AR 2R 43 51 R 0.059.,0.485 F1 0859, H Bk,
B A ST ECOTOX U7 FE v 3K B 18 b A A5 4R
PRAMYMHEE 10 L/, BHEMTENRRES
ECOTOX i i &k # f SURE MM, R
WAL F b, s B ST SSD B R T B 4 A RS TR
BEEHEME,

FnF, N 23 TRIZRATUE Y, TiE2ETEH
fh R AR PSR EMEE, ETRASRFX
AP FHBINERSE T ECOTOX KiEE+F Ik
BHEEYHBINEREAEREN -8, X—
FEBEKIEH 7T AXMHER N 10 KLy E
BRFHRENE, 5 —F ERRA AR SR GE A ) 7
HSEIANMEERABRS NI S,

32 SSD BERY#E #E X A4  XUE FR

MIE 4 R AT LLE HH, SSD 4 7 5% 4% X 47 4 75 XL

B EMr ERE IPC A —EWH W, X FHRANZ

Fu R LR B 4 BB AL AR R AR, 7E I b A
SRPEIRKEEMG T, IRE Weibull 275 R
#0 Burr II 2 53 50 Y 31 3845 B 9 SR 2 & K AE
EH8% M_HIHHEBB ETRMEZ 2MFUE, B
I, 7T B A S R SR i, R FE 43 £ 18 SSD R
BEHEFRPATEE, MUKEZLBRE S BE M
SRHEBEEE—F SSD KA, W 88 & B BUAE S XK F
MERBARGERE, FEREOE AXPUE
MR B AR Burr I B4y A BV SR A R B AR TR IY
R A 31, 40 5 DA AR g e — 4K 9 8 IR B S o
KU REARMAELHENR, B, TURR S %K
95% B {5 X Al 3 H A SSD B &I (I Weibull 43 77)
SHBBARTHXEAM T, U BEAFIEETH
33 BHASEY KoKk 4 ik B R A

2% R B A5 SCHE IR B MR A AR Y K R BUK A
WKHRIE , 3F B ECOTOX 38 P vh i 13515 2 89 .
WRE SSD HAMBERK A YA RA 10 KFh,
BT LA SO R K 43 Mg K FIR K B #p, R — M
RiE. B 23 WHER, T NOECHBRNE
AT R {E N 2.55 pg L', M2 F LC, Al BC,, 8
BEMFENEEMEMEN 141 pg- L', ZEBEH
ER BE5XRPETARFERSEIANRER
AR 7K A MK R B AE T B 2.00 ~ 9.44 pg - L)PI B
IR E BN EGE . AR CEK A A7 = Rk Fig
KK AR R ) 9K, 4K 56 2R 16 & T 8 ¥ il R (B BD
255 pg'L',

M 1 BT B 18 H AR 25 AR 4P DX K 4 v 4 A ok B
S UEY, MR REHLEERE 255 pg-L", 1
65% A M W0 BB T LA B —FRME B R . KRR HE
BAR RO E R U EIE N RN, B LR,
ZRMAESEPRKECAREZLWEX —EX,
AR EET A 3.0 pg-L'. ZEIFHEER
BT SR L K B 4 B9 A 7S XUR: #30 E B B R B9 AT
B2 KF, A ORI # 4 A R 1 X Kk o g R
BEHEEBEN0 ng L' , X 5EEEWKKEEY
AL pg L' EA-F,BETRE(HEKFE
FAEHRAEY (GB 3838-2002) FI{ ¥ /K K AR ¥E) (GB
3097-1997) PR M ER, ERBHATHRIPX
LYRTAEAET , ATH 3.0 pg L' W EERME, K
A LUK BMR Y29 95% YR 69 B FR , 7T LA BT
FIK R RARE, A2 A4E TR EBRE.

GLER, AXFASHESBRPXAYHE
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B4 Burr I BU43 75 B9 SSD A5 Y BE @8 8L 47 iR
HABYFHAFEHO WM X R, BT RB AN
B A SR & R A 5K 255 ng LT
145 pg L' ZEARKEEZGT, HESKNKER
ETR Jy 0.054, %A 7] LA B R D" 95% YR I E K,
S 3B B AR A T 8 M A BUR B A KU K,
28 30 BUZIE M A A AR P ROK 4 VR B Y B B R
HR30 pg-L', BEHLHE AAHRRRAKKE
FRERZIEE DH.EE RE. FIYHER
SR R (B RR T HOHE W IR AR, BT AT
KEBXBEROEW, G UM ZBBES
BPRKEFREAGS FAWNPR, ZEXEREN
HAESRKEMERE,

BREEEN AHEQSL—), T  KARFE L L 92
FARAZEHRFTOAREARAEIN PR RARFN, L
AFRAHLLEIE,

CEF(193—), %, AE LB L ,IERK L E2HR
FOAKAGEARNER RAFRBEL0LE,
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