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Ecological hazard concentration of pyrene to Chinese cabbage based on species sensitivity distribution

YANG Xiao—song', LIU Yue—xian'", XIE Xiao—fan', ZHANG Meng’, WANG Wei’

(1.College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China; 2.School of Chemical & Envi-
ronmental Engineering, China University of Mining and Technology, Beijing 100083, China; 3.Agro—Environmental Protection Institute, Min-
istry of Agriculture, Tianjin 300191, China)

Abstract: Hazardous aromatic pollutants, such as polycyclic aromatic hydrocarbons (PAHs) have received increased attention in recent
years owing to their teratogenic and carcinogenic properties. However, analysis of the PAH concentrations that are hazardous to crops is in-
sufficient for assessing the risks of PAHs to farmland. To predict the ecological hazard concentration (HCs) of pyrene to Chinese cabbage, a
pot experiment was conducted to investigate the dose responses to pyrene of 11 Chinese cabbage cultivars. The results showed that the bio-
mass (fresh weight) of two of the cabbage cultivars (JC—60 and JQ-65) decreased with increasing application rates of pyrene, whereas the
biomass (fresh weight) of the other nine Chinese cabbage cultivars increased with low pyrene application rates and then decreased as the py-
rene application rate increased further. Different models (i.e., log—logistic and Brian—Cousens) were used to derive the effective concentra-
tions of 10% response and 50% response (ECy and ECs respectively) based on the biomass of the 11 cabbage cultivars. The EC. of py-
rene for cabbage ranged from 4.14 mg-kg ™' to 52.76 mg-kg ', and the ECs from 28.35 mg-kg™' to 545.11 mg-kg™'. The ecological hazard con-
centration for 5% of the cultivars was derived based on the EC,, and ECs, by employing a species sensitivity distribution (SSD) approach
The HCs'" of pyrene at a 10% inhibition concentration was 4.52 mg « kg™, with a confidence interval of 2.02~10.04, and the HCs"* w.
37.68 mg-kg ™', with a confidence interval of 24.99~56.79.
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Z ¥ J5 J& (Polycyclic aromatic hydrocarbons,
PAHs) Z A8 PSR LL F ARG 7E— i) —
FAaW, EE AL G YR AR be
K Z ¥ PAHs H A 20w | B0 F1EC A2 /9 4R Y.
PAHs F2 %30 M Fr FIAR S 2 2 AR IR IN™ TEAE D)
RN RS AR R I AR B0 51 R AR R
TR T AL 2R 58 LA AR 4 Y, 308 T 5 i
YA . 205 et ml i i B W B A% 8 AN 1A
WL NIRRT R P H G E . 207 IR MR
P 3 SJE PAHs 30 AR W) 1A D9 3 1 S ™, 57 AR
o R AR, G SO A R I 1 48U (Reac-
tive oxygen species, ROS)", 514 PAHs (<3~
JRIR)MILL 5 40 F B PAHs (>4 S 2R B ) 57 3l [ A
T AE L SEERIE P A AE™ , X AE ) 7 A 1 B A
TRPL, BB 4 ARIRGE Y PAHS & i
PAHs [ LAY 3%, 55 PAHs B8 H & R 4 M o6
PEN R PR 2 A5 e A T R KU PEA ST
SEE X AR P 1 00 A 2 XURS: BREL, O L SR PR g T
SEUE AR AR it —E RO

W) P SRR M 23 A1 7 (Species sensitivity distribu-
tion, SSD) & F iy [ B _F- il 78 AHOCFRBEARE Y = 207
PG ORI R T AN R W Rh R [R]— 5 G Py SR
22 5%, Lh 2 AR RS A i) Sk s ng o 2
Bt (ECho \ECso) AL ARG A BRIl
S5 M T 5 e R A 2 R GE I KUK, I T AR A5 LR 4
95% W FP A2 52 5 B0 T BT SRV B B R IR AT
e & (HCs, Hazardours concentration for 5% of spe-
cies)"™, Silva 55"z F SSD LV - HE A L5 G4 )
= TR X A AR S R G AR S KU, 15 3 e iy
HCs 4 2.06 mg- kg™ o 7K g BUAEIHE T SSD I T T
R 8 2875 Ye Kk A= 25 KU MBI BT, R BK AR
Az IR () Al 2 ) o ) UG RE 22 S R . AR T
TN i AR & BLiz ) SSD k4 L3 2 IR 05 R A AR U
EREGREE B TR

P13 2 T [ 3% T AR e oK 1 i 35, 4E A T AR
2677 h* Ze A7, ot 4 [ RSV E Y SRR TR 15%
o 4 [ R SR R Y 18.8% [RIMLAFSY - HEEE X 1
S RETE B R A R A A o ASCl ) B
I, DA X 11 A LA 1 S R i X 4
WEFEAS ] it b 1S AE SR 22 PR 05 SR B a9 AR K
M 137 AL, ST SR B RN S B | 38 T A U 23 A1
VA B T IR 95% 1135 i i ) A 25 XU 9 11
R FR N B 3 22 PR 05 e T Y B i LA S b 3 R b v £

P—3E S K
1 #REFE

1.1 ikt

sk (32 0 3 = AL HL X 11T S ASTR] 3% i
A 60(JC-60) , FFK 65(JQ-65) , F i 2 5 (JCW-
2), 5EHAUCB), 7 70(JC-70), ®HFL(JCL) , b
TABLL A (JH-2) 7 A S AR -1 [ 65t i ARt
= Bt mU B 25 AR B0 B A R 2 | 5 H 1 50(ZB-50)
F£1308(JH-308) , 440> (JX) , P32 1 5 (KC-1)4 4™
Fh =0 9 o AR B g S AL ST 5E T

PR R A 0T X [ R B R A% X B
VT, KT e 52 A A e 3 mm 0, A7 TR AL

EE(GC,>95%) W F _EIEBTHL T A Ak B0 45 FR 2>
Hl .
1.2 R
1.2.1 FAERK R

FRECS50 g H3EF H AR 90 mm BEEEE FR LA, 2
VB T ) 2 BRPNVER BT A5 O vk e S8 S BT
A RN R T SR B LECE 15 ki
R, BT 25 CHIRFEFRAE PR, U2 Ax g
ERIRF] 65% , KB E 2 om, I LE R, @i
EEHR R AR 0 (BT 5 R y=7.24 14" (R*=0.939 8) ,
PG 5 00 th 2ok 15 ECo 5 ECso, 15 111 EC10=2.83
mg-ke™, EC5=470.46 mg-ke™' .
1.2.2 ;LR

1E G T R K B 10 VR B 2 B PN T SRR 1Y
Jid, EOR B /D W E S AN A ] 9 A BE VR R (B X AR
A1), 3 B AE B B oK 1 EC 5 ECso Z 18] o A
78 1E 3 G 1 R 50 2 U in v B2 43 1 R 0 (R BED LS
15.45.135.405 mg- kg '6 AL BEAK S o ELAAREL 6l 7
i FRELU35 g B T HR U, AT 5 A A e L
JEIMAE] 10 kg 43, FCifi BEEE W B2 4 3500 mg - kg™
(975 G - 38, TR 8 XU PN S 0, 1 N 58 45 R I
PEFEIRS)  RAF T 20 COKFE P& H . BIZEEWRIEM
IR R TS Y AT RR B R AT B e
il A B8 T 9 B A ) Ach B B o A3 S FR BBOAN [] v
JE 5T kg T BV EAR N 227 mm T FE AN 207
mm 554 180 mm B 78 75, T /K PR 5 A 358 16 i - fliy
— o SAPRIE R IE R A K B AL IR KCL 0.32
g KH,PO, 3.07 g.CO(NH,), 2.24 g. Ffif—J& )7, %%
AR PR A 3 RS SEBR VR B LR 1, 25 (IR IR R 3 e
AR HEEAE L1 <0.4 mg kg B, 7] Z B AT
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Table 1 The concentration of pyrene in experimental soil

after one week

BN E /mg-kg’ 0 5 15 45 135 405
SN /mg- kg 0.09 450 13.50  39.50 123.00 390.05

LA SEBR v BB TS v B 3T — 2 A
1.2.3 FIEE R0

SR 28 75% WG 120 5 min, FIZE IR K P4
JE TR T 55 CoKr IF ORI bt . R AR AN 15
LI SR, FF ISR IO 5 B 5 R, AR L
PR, A A 3 B ST, 3 iR
AR B AERAE &, 57 BVORAE T -20 CokAa b, 227
80 d.

1.3 R HE
1.3.1 Ao (ff o 1) Il

ENETIDE 5N YN EE YAt /b W = B R
WAk G S B Rk AR SR 5 25 B Tk sk
IR I IR PR IBURE AR S5 3
1.3.2 3EEEM

- R AL PR A R R T
i BB ) 80 H i 5 IR AF T -20 CokAfith . M2 g |
R B ) T IERE B T 25 mL BE RS B0 L AL 10
mL TG B, 55 S5 A A H 1 h; fE IR 3R 30 min,
L4000 remin™ #§.0> 10 min, B 1 mL_E 35BS h 2 B
fiE /AR, 10 mL & ke IFC k=1 1IRA
WRENL, A =T, A BeE 45 2 2 mL, GC-MS
W5E

SASAE 30 mx0.25 mmx0.25 pm TG-1MS {4}
FE, 305 He, #ERE TTRLE 280 °C, A2 HERE , 91 46 1R
JE 40 °C, % 4% 1 min, A 30 °C - min™ 3 ¥ R &
150 °C, 435 LA 10 °C-min™" 3 JE FHE % 290 °C, FF7E I
I EE N P47 20 min.

JE R S5 - BT B T8 70 eV, 551 IR 280 C,
T2 IR 280 °C, 34 I =L SIM™,

1.3.3 Sl -0 il &

- S e A R R A RO 2R R B Log—lo-
gistic S BB HEATHLG1 BRGS0 558
B A= W 850 A 5%, B9z 1 5 -0 il 4R 4
AN[20]

a
P Y R AN AR BKOT 1Y 1 3 E J5T E  0) e o i
FLAEL, %5 a b A S HL, o SO T 56 BE AR 2 ]

AREEREONE , b oA 2R B RE , b (B BOR B B Rl 5
O T A 9 S A S 5 X g M e S
JE  mg-kg™ s M BONHEE (ECx) ) F AR X HE

E 1SR iRl S Bree S e sV il Y ) QAL D I B Y -
AN RE % AR 4 i 4805 52 56 B dis , IR SR T Brain -

Cousens F I FUE T FEUNT -
a+bX

k 100 be
100~ % + 100-% X " Yexp[dIn (X/c)]

YN b KV 1) F S 6 5 o ) B A R o
oA, % s X 0 - 3P SE R  mg kg ' 5a b e .d N
FRRBEL, a FAF N FBRFNT BRIEZ 22, b RAEME
FI DX RO I M3, d i ECx AR . Mk h
10,500, 28 ¢ 7 LN ECi0 2 ECsoo
1.3.4 YRRt oA i R LG

Yy U 43 A il 26 R FH USEPA JF & 119 SSD-
Generater V1 FAFHEAT 0GR, i 1R 9 2 log—
probit #5151 . H A, FFHE1T SSD 43 #1119 oF FI B AU AR
% , Wl Log—logistic , Log—normal , Gompertz , Weibull £/

RECRESE . BB IR, B R B — R 1 A A

BT G B A B PR B SE A LG o RV 55 X5
SSD ¥ F FHPPAL A% ETX 2.0, BurrliOZ2.0 .SSD Gener-
ator V1 JF 2K R YIIR /K 7K I3 JE HEAE A2 18 1) L AR Y
KB ANE T T W SRR SO R 25 5%
R A BT TR] P0Gt A il A [R] A5 0 S
EEARAFE . HETS A —FE 4 a8 0% 50
(AR TR TR AR A 25 e ST AL 45 o AR
SSD Generator V1 5 H At P R PEAL L RUAR E , 72115
(B AT A28 LA L BRIS 48 BT RIDL A R 1Y
B,
1.4 BHELLIBR ST

K Excel 2007 ,.SPSS 19.0 #1754 b 35 2543
Bt , R 1stopt BAF A TBERI Z80fki 11, Origin 2017 iF
TP R I R 2546

2 HRESW

21 AERAMAXLEESENTN

MR 2RI LLA AN [R5 R 3 v ik i 2
FEER . FEEAL PR E A 5 mg-kg AMF T, FIHEAS[H]
12 A A S S W B AE 0.41~1.89 mg- kg Z 8] 481k,
FHZE3.61f% . Horbp JH-2 SR EE 5% B VR fe Kk 1.89
mg - kg, JC=70 . JX b FPEE 5% B8 Wk B /N, B0 0.41
mg-kg s TEVE AL FRVE E O 15 mg-kg™ I, JH-2 it A
TR B e KON 5.34 mg-kg ™!, JC=T70 AR EE 5% B8 Mk JiE

Y=
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/NN 1.27 mg-kg s [FIREEEE A B JE O 45 mg - kg™
1405 mg- kg BF, JH-2 i Fl (1) 1= 398 sp 28 5% B Wk E 38
KB I ARG, 43594 14.85 mg - kg H1189.72 mg - kg,
rnFh IX KC—1 - EE 58 B e FE /)N, 435 R 4.82 mg -
kg Fll 114.14 mg - kg 76 26 A PR B2 4 135 mg - kg™
B, v A% B vk R e R A /N B R 43 51l JC-60
(66.83 mg-kg") FIKC-1(31.27 mg-kg™") . o] W, 7EUS
I )V B B8 A5 T RS [R] (1 38 b ff , - 48 EE 5k
B AP AE RS R 2251, vl BB EE X AN ] (28 Sl R ) 2
AN—FE WA RS 3R Z 5 R P A G,
22 TESHFREMNAXEYE (HRE) W
AT DL Bl 3 b AR 5 A v R
o, ST SR SR AR i (R BT ) S B R O R A AR
feita#, ARSLIRZER R, JCW-2.JCB.JC-70.JCL,
JH-2.7ZB-50.JH-308 . JX .KC—1 9™ &h FI Bl & 18 1
e B 8 hin 5 LR S T s R AR B e T JC-60
JQ—-65 A=y i (fif Jot it ) Bl 7 v ALk LR 52 ) 348 o 38

FEAIG, BRI ROR . R BRYRE R 5 mg ke ' B,
JC—-60 JCB F1JX 3 /™ i Ffr (1) e o 2 BR 6T HECAH HU A 2
225 5 (P<0.05) , b JC-60 AE 4 it B X B [
A BT, HAR S SR B AL BRI B 5 mg - kg™
BF 55 0 BRECRE L G I 2 1 25 57 (P>0.05) . JCW=-2.JC—
70 F JH-308 3 /> i Filt (1 32 76 SM I 6 WS I &2 24 15
mg « kg™ B A2 ) i 38 3] i KA A H T R 4 0 34 i T
21.11%.16.119% #120.43% . JCL .JH-2 .JX .ZB-50 #il
KC—1 S B AE G AL BER T Ol 45 mg - kg™ B A= 99 o 35 )
ROKME, B S5X A A B 225, MhEim
WS IR F 405 mg-kg B, O A [R] i Al ) A 3R AR G (e
JoTE ) 7 A 2 A RN (P<0.05) , A1 il 2 4351
59.25% . 47.95% . 75.84% . 29.34% . 44.16% . 19.50% .
40.77%.25.12% .46.45%,
23 ETAR4EYE(HRES)MiNLaWESHER
- i £

i1 Log—logsitic FET L) K Brain—Cousens 155 8 X5}

R2 MEARREAMERMN TEPERERE (ng-kg)

Table 2 The residual concentration of pyrene in soil after planting different varieties of Chinese cabbage (mg-kg™)

LRIV JE fmg kg

SRR
0 5 45 135 405
JC-60 0.02+0.01 1.00+0.03 3.38+0.09 10.09+0.58 66.83+2.11 169.89+0.47
JQ-65 0.11+0.01 0.70+0.07 3.22+0.28 10.27+0.39 45.93+0.38 119.73+0.58
JCW-2 0.03+0.00 0.79+0.01 1.29+0.09 8.37+0.42 31.30+1.45 114.73+0.84
JCB 0.03+0.00 0.74+0.74 1.79+0.79 7.52+1.62 31.80+0.75 181.73+3.41
JC-70 0.06+0.04 0.41+0.02 1.27+0.06 9.59+1.29 48.83+9.19 122.77+3.61
JCL 0.01+0.01 0.70+0.07 3.07+0.07 10.89+0.48 45.16+0.71 125.13+7.07
JH-2 0.04+0.03 1.89+0.05 5.34+0.02 14.85+0.87 65.83+0.71 189.72+0.71
7B-50 0.06+0.01 1.08+0.21 1.40+0.07 8.57+0.14 31.78+2.05 119.71+0.72
JH-308 0.05+0.01 0.46+0.13 2.47+0.11 5.77+0.14 40.94+0.40 150.34+0.49
JX 0.03+0.00 0.41+0.03 2.32+0.10 4.82+0.08 35.16+0.71 120.84+0.23
KC-1 0.04+0.01 0.78+0.82 1.35+0.04 8.37+5.64 31.27+0.86 114.14+5.59
a [J0mg-kg"
ab 5 mg-ke"
TI a 15 mg-kg™!
be aI% 45 mg kg
I b B 135 mg-kg™
a [ 405 mg-kg™
al
b d bb b

JC-60

JQ-65 JCW-2  JCB

JC-70  JCL
I Bl

JH-2  ZB-50 JH-308 JX KC-1

1 ZRFRERMIAKEYE (ERE) BN

Figure 1 The effect of pyrene on the biomass(fresh weight) of various cabbage
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- S R AR M 0 R RO O R AT LA A5
ANTR) Z5 TR X 3 B I 4 ) B (ECL . ECso) o
M2 7] LU H B3 b JC—60 1 JQ-65 Fifi 5 2 3855 1%
EE BN 2 AR A, LA P15 Sl P A= ik Bl
6 IV B BG In E BESe TR S BRI R R, R3S
PLF 2 3 55 B 4R ) 1136 EC, 22 A [l ok
4.14~52.76 mg kg, HH JQ-65 it Fl EC,o fH 5 /NNy
4.14 mg - kg, ZB-50 fif Bl EC,o {H 5z K K 52.76 mg -
ke AH2E 11.74 f% . ZIRI5 KR 11D 22 8¢ 1
{8 ECso B AL JE N 28.35~545.11 mg-kg™, WK FI/INY
I 4% YR 2 TH-308>JH - 2>JC-70>]CB>ZB-50>]X>
JC-60>JCL>JQ-65>KC~1>]JCW-2, f5z K i Al f5c /M i
AHZZ 18.23 1%
24 BETFSMHEME(EC,. EC) B B3 MU 4
R HCEFM

A 78 B — 5 e gy SSD il 2R AR Y 1) )y ok 32 AU 4
FE T MR 1Y S B R RN S TR A 1 E S
BOBEHI L AR SCFI] ] USEPA HEF5 4 R B0 43 A K
{4 SSD—GeneraterV 1 XJ A [A] i Fl 1 22 26 08 5 14 B (H
(ECi0 ECso) AT RIS, 755 SSD HHZE (&1 3) . A SSD

1601
140
1201
1004

801

AR %/ %

60 [

401

201
0.001 0.01 0.1 1 10 100 1000
R g kg

1601
140t Y

120

]
O  JH-308
80 o JX
A KC-1
60F — JH-308

10(%

XI5/ %

VN
7S] S KC-1 A

0.001 0.01 0.1 1 10 100 1000
AL /mg - kg

M AT LA H AN R 13 A e 2 19 e 2R3
AR | SRl ZB-50 X6 (19 e 2 B 05 1 Bt
P, T JCW=2.JQ—65.JC—60 X £ 48 U . 3T 85
P BB ECso 19 SSD #h 2 AN [7] 1158 6) 26 19 4 i et
JI 43 5128 JC-60>JCW=2>]Q-65>TH-308>]X>JCB>
JH-2>JCL>JC~70>KC~1>ZB~-50, ifii 5 T EC.o SO
Nt 77 Ay JQ-65>]C—-60>JCW-2>JH-308>]X>JCL>JCB>
JC=70>KC~1>JH-2>ZB-50, {4 Tl JQ-65 43 A1 5 Uk s
ARG, TH=2 23 A SR AT T 5

T PR S AT TR (R 4) 15
FIET IR 95% 132 A ECofH HCs'" 4 4.52 mg -
kg, B AE X JA] 2 2.02~10.04, ECs { HCS™ 2 37.68
mg-ke B IX 0] 4 24.99~56.79

3 g

Z I IRAE—E L N X A K B —E 1)
AR, o e 2 s 30 A L G A B
ik I R B, Y PAHs i 1~10 mg - kg 3
FELESS X /N A2 e v A7 — o B2 EAE T, 76 100 mg - kg™
I IR F S AR VR B S SIS ke B R

1401
1201
I
% 100
=
g
X 80r
=
601
40
0.001 0.01 0.1 1 10 100 1000
AW /mg kg
1201
10022 0 [®)
e -
& 80r
£ L
g © :
= 0O JC-60
E a0t O JQ-65
----JC-60
20F — JQ-65
0 . L . L . )
0.001  0.01 0.1 1 10 100 1000

LW /g kg

B2 REmFHEREME TRFIE-2 X F 2

Figure 2 Dose-response curves of pyrene to Chinese cabbage cultivars
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®3 ETEME(HRE) WBERXRESHFRIESEEE
(ECi0.ECs)
Table 3 Toxicity thresholds of pyrene to cabbage based on biomass
(fresh weight ) response(ECm\ECso)

R4 ETFSSDIIABIMRIN95% B 3K M EASB{E HCE

Table 4 Ecological hazard concentration (HCs) of pyrene to

BB ECiw/mg kg ECs/mg-kg” R P
JC-60 5.22 137.24 0.828%* 0.001
JQ-65 4.14 91.463 0.933%* 0.000
JCW=-2 10.54 28.35 0.904 % 0.007

JCB 31.14 264.38 0.973%* 0.004
JC-70 31.85 272.00 0.997** 0.001
JCL 28.09 98.97 0.935%* 0.004
JH-2 40.21 411.04 0.981%* 0.002
ZB-50 52.76 152.03 0.981%* 0.001
JH-308 20.84 545.11 0.917#* 0.003
JX 27.00 151.03 0.966%* 0.002
KC-1 34.61 87.74 0.997** 0.001

cabbage based on SSD
P AK 7 HCs/mg - kg™ HAF X[ R
ECy 4.52 2.02~10.04 0.85
ECs 37.68 24.99~56.79 0.92

TR B (P<0.05), U E LT (P<0.01)
Note: The values with an asterisk or two indicate significant differenc-

es at P<0.05 and P<0.01 levels, respectively.

1001
|y
80F KCA1
70T J¢=70
60
50T
40t
30t
20t
ot
0

SRR %o

1 10 100 1000 10 000
EERFHE P {H/mg - kg
100

AT %
W
o

10 160 10.00 10 .000
EETETE R (H/mg- kg
— BE - -- 95% EAFIXE O A
E3 ARBZmMETFENE- RS EEHERN
B 5> STUK 2
Figure 3 Cumulative frequency of SSD of Cd to cabbage varieties
based on the ECx

A PR B B39 s, PO 2 v B A AR A R R BT
rJa RS . ASLIR SRR W] B TE — E A Bk

JE L (5~45 mg-kg™) P RERE XFAS [|] S Bl P 22 A9 AR
J7 AN TRV FE (R A 2RV AL o 320 5 Pl A %o 1
AR AR, 9 HASE 3 SR e ha
FHH T AR FUEAE , dFP JC-60 F1 JQ-65 R 3H H
TR, LA 9 A 138 B RRZE AN [R] v Ab Rk B R 3%
PR AN TR R B (R RV o T R A 5 3 B
SEAEAN ) e 26 AL B ROV R AR
WA X S ARG S5 R KR —8. AR E R
HEAR M B P AR EVE T, PTRE 2 PAHs 5 2500
A KR (A K R NAREE ) BAT R R 4
R, SR At A A IR B 2 R 5 IR A AR
A, BRI 2 505 18 nT ARSI 4 i AR 5K
HRZR TG F R0 b 13 43 A K B T B 3R 4 K
Sy RS B4 70 e M HER , T SR 0 19 A K 7
1o 7 R VR (405 mg - kg ) EEALEL R 11 P 38 A KA
S FNE, — 7 2 2 3005 IR RE 8 52 AR W) O & AF
Al e R 4 T (PS I ) A3 3, AT R AR e &
HL A9 A5 380 R JE T2 e A A S, AT Y
R IRBE A e T B A T e, SRR A T A7 B L e
I S i ST S R R R
GVER . 75— 7, MY 52 B35 W38 2 7 A
ROS,ROS 255 | E2 AP Hh 2 111 BT 9 3 . DNA 45 495 g
545 , DT A SRR 4 A Y Liu S5 5% JE a8
T LRSI R N H.0, F1 MDA &5 A8 4k, & B
B 5 22 P05 Jae A v T o T o, 08 22 B 07 S 40
ST R AIM A T G

F 2N O R AR AN A (1 SR AL 27 5
5| JES B SRR & A R 2 ) ) e R AR R B R 2 40
S, S AN PEH R AR T R R A R AR K 2
R AR (TR TR s B S . B
ARG R B A 1 2 R R RN, T O/ O A
FUAE S 38 0, 5 1 5 A B, DA 5T Ry AN 28 5
e 1 ECo0 5 ECs {E AL, 108 B 57 2 A Eb ot 2 X
B A I 7 B A R RO S R L T A M
BEMEPEN 2 o V5 Y B 1 B ECo 5 FREE R M il
K RBEN B, 8K R 5 0 A 2 800 R
i ECs™', ECx(x=10,50) A #E 5 W T Z A5 i p 5
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YLk J3 B AR OC 1) PE 2 s 8 b o AR SCIE 2 7
RN O R A A5 h #E M B(E (ECo. ECs) |, BF
PR BIE 1 KN SZ A A KA R T e vk S A
TEAN 8 AR R0 5 B 5 ), IRV B85 22 34 05 e o A
o, R e A A A A A, LA R B ) RN 22
TIEX P G R EE AR KK R, Baud—Grasset
SRR G = PR U 0 22 B 5 S ht A S e A P AN AR
YEDIAARAR R MG 0 , 75 Hh T A R 231 ECs
{E 2 590 mg kg™, FE T HeAZ & 231 ECso s 1170 mg-
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1000 mg- kg 380 mg- kg, >1000 mg- kg, 3 T T )i
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1000 mg-kg™o X U B AN [ Bl 4 A8 90 %F A0 7] 35 4L )
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HERPFH 2 B R RN LR, ARBLERENL
R IF R E XA [R] (28 5 Rl EC ot KA 5 fe/IMELAH 22
11.74 1% , ECso e KAA 5 5o/ IME AR 22 14.49 1%, H 5 [
A AT B SR A [] b Pl 1 S0 2 I SRS TR X B 1
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it MR . RO KRR AR 58 & BUK
st IR T A 0 I T LR B - 498 R A4 31 A
R ES TR . (SRR WA T REAE
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VEfaE ), S EGEAE T3 PR B R A AN [ R B e A
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A 25 JRUGE 1 F B V5 e %o A 25 AR 0 7 A R T Y
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RIA EC05 ECso, 43 15 BRI 95% P16 b AP AE S
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