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Evaluation of pesticide accumulation and edibility risk associated with consumption of Enteromorpha from the

Subei Shoal of the North Yellow Sea, China

YANG Feng—yuan'?, HE Qing'?, CHEN Yi—qin? CAI Chun—er’, CHEN Yan—bai? LI Juan—ying"*

(1.Shanghai Collaborative Innovation Center for Aquatic Animal Genetics and Breeding, Shanghai Ocean University , Shanghai 201306,
China; 2.College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China )

Abstract: Turning Enteromorpha into a commercial seaweed product can not only solve the related algal bloom problem but also supply
consumers with essential nutrients. In order to evaluate the health risks to the consumers posed by pollutants such as pesticides that might
be enriched in Enteromorpha, in this study, the levels of organochlorine pesticides(OCPs), pyrethroids(PEs ), and organophosphorus pesti—
cides(OPPs) in Enteromorpha were analyzed using a GC—MS Agilent 7890A/5975C and the health risks from these pollutants were estimat—
ed. The concentrations were in the ranges of 15.86~56.93 ng-g™, 42.03~133.49 ng-g™', and 9.42~13.36 ng- g™ for OCPs, PEs, and OPPs,
respectively. Followed by OCPs and OPPs, PEs showed the greatest bioaccumulation in Enteromorpha. The individual and total health risk
(HI) index values of eight OCPs, four PEs, and nine OPPs were all calculated to be far below 1, and the risk entropy values were all cal—
culated as less than 1 with short—term and long—term consumption, indicating no significant dietary risk would be present if people consume
Enteromorpha from the Subei Shoal as food. This study provides a scientific basis for the large —scale utilization of Enteromorpha in the
Southern Yellow Sea.
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Figure 1 Sampling sites schematic
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1.3 HmRE

F 2016 4F 1—8 A HIFEL A A K+ B I
TR T HF B (R R AR o IR B4R b F R
WFN 5L AFRFEAC AR HIR AR JF B T AUKEER {1
A iz M S22 fE A7 7E 80 CYKAR H IR AT 5 X5
]I} R4 T FRAE AR R DTS o AR 2L
FE 2T S5 E AR AR R JE#5F (DXCN1/40 ) REE £
A3 R IZ VTR IR SR AR RET  CE T ImA
UKAS (R AR TR 2 [T 5256 % 5 T 20 COKAF A7 ;48
h P SERGHFE FERR A TTALBE , 7 d PN 52 BORE i 28T -
1.4 HEmETALIE

A= ) AL R B i H OCPs \PEs il OPPs [ #£
I Ak B 5 7 12 W2 25 SCHik[16-18], & A 4n
T B, A ARG U T RS 1 3 g DU 1 g F
ERES BN 2 ASEAT SR BV OV
AT AR I, Z 5 IF 2 IO, 1] 2 BOHE Hh i A
i EBRERALY) . SRJE R 2O A T A RS e 2R R
L, e e 2 1~2 mL J5 FACMEBEIES IR . B, Ve 4
I A TR PR A A AL, R R R
OCPs .PEs 1 OPPs BB 43 2 IE ke . 1E C e/
TAH B CARFLEE 7:3) A R B (AR R L 1
1), fJa R 75 R ICHINE B ME R 75k 2k
FLMAIE S AEE R R 500 pL, FHHE 100 pL 374
TG THEE GC-MS 43#7,
1.5 SRS EHE

% GC-MS (Agilent 7890A/5975C ) Fl DB-5MS
(30 mx0.25 mmx0.25 wm ) & A 4743 8 8T 5 LA
A 1.2 mLemin™ #%55.(99.99% ) J 3 s BERE 7 2L
KA TR R RN 1 L ARG HE R
PR Sy 280 °C; a4 FHR AR T IR 50 °C, LA 25
°C+min™ F}) 100 °C, FLL 5 C+min™ F+3 300 °C, {f
B 5 min; g A0F BTN ELIR L, G H 70 eV,
TUEIRE S 230 C, R4 4R B 300 °C, 5t 43 A
BN VU AT, DURR AT IR BE A 150 °C, 34 7 2oh e %
B4 (SIM) , R AR o €73 (5] o 25 20 43 1 £ B It
(i), XA ft o 8 45 A 53 1002 7 P 0 T, SR TR A Oh
PGB T BT, R 2 B LS I
EE ERBE T L,
1.6 REEH

SEESHI XTI B M UUR YA b 47 T OCPs \PEs
A1 OPPs [y [l 52586, PR AE 85%~105% 2
], FE X AR 25 7E 6% ~10% , Wr 257 V46 H R 43511
g 1.5.2.04 wg kg™ Fl 1.43 pg-kg™, UM 5 46 HY

® 1 CC-MS A KRATBIFMENHNER . EEET
Table 1 Quantification and identification ions for the GC—MS
analysis of the target compounds

K2 EHEE T SEREE T
Pesticides Quantification ions(m/z) Id.ennflcanon
ions(m/z)

S AYAYA 109.111,181,183.219 109
AY B S 107,142,282 .284.286 284
B-757575 109.,181,183.217,219 181
N RVAVAVAN 109.111,181,183.217.219 181
R AVAYA 109.111,181.183.217.219 181
WELR 81.263.351.,353.355 81
p.p'~DDE 176246 248 316 318 246
p.p’-DDD 165235237 235
RSy TG 97.165.166.181,182.265 181
R4 g 97.165.166.181 182,265 349 349
[ R KRR ] 181,197,208 449 181
A 163,165,183 ,184,189 190 163
F g 15.79.109 185 109
IR 87.93.125 125
FH LR il 79,109,125 263 263
AT 125 260,277 277
TR 125,127 273 125
R AL 97.197 314 314
W T 146,156 157,190 157
=Y 77.97.161.,172 161
R 182,367 367

BRAT50H4 1.5.0.40 wg-kg™ A1 0.50 pg-kg™o FAR-UESE
B g AR AR A= WF B ATTAR Y rh A 2 5 1
FESEBOE T 1A FRERD 2 A PATHE
1.7 | AR EMR
1.7.1 424 H 3 A 2 (Estimated Daily Intake , EDI)

i R AW B AN =22 & i iR
brg vy (I

EDI=cxC,/B, (1)
A EDI AR AR ZY HEEA G ng-kg™+d ™' (dw) ;¢ 1L
RWFE PRI ng-g” (dw); C,, AR R4S H
PIWr s R R, ASC G, LA 0.182 kg JH T IFARL,
0.026 kg-d' ™I F AMTH & &SR/, Hi
TOELUR A2 L (H B AT T A K ™ T B, O T
PRAFPFAN , 1 Ah 2 IR A1 MR 25 HC A £ FH K™ it 8 1
0.026 kg-d™, VERWFE M HEEALR);B, AFRTT R
Bk, 2520 70 kg™,
1.7.2 HArfER: 2 %0 ( Target Hazard Quotient, THQ)

THQ & DAl E i NATE AT 7 5 2% 51 5 1 L
EAVER AR AE , 38 T 5 — 35 e PPN, s AR
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N 1x10° ng-kg™-d™',

A5 THQ<1, W JC @ g FRe XK s 47 THO>1, 2255 A
HEA W] R AR XU . THQ R, A A KU R K
1.7.3 X T5 % (Hazard Index,HI)

HI 1TV 52615 L B R XURS: , 20T

Hi= 2 THQ, (3)

Ao HI AR KBS A8 4, #5 HI<1, R R S AR 21542
TG 5 25 R RS 5 # HI> 1, WU £ B S A B XUz . HT
{ELSR, AR A JRUBGE A A o
1.7.4 RS

R A Ml A A 1 i v AR 24 8% B8 XU DA 4
R X AL e BV I DX A 25 5 R R A T K
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NEDI=C,xLP/B, (5)
HQ,,=NEDI/ADIx100% (6)
HQ \zp=NESTI/ARfDx100% (7)

ABIEFE R A B 1 5 R b AT R 3~5 ¢ 2
8], FPL{E 3.24 g, BIHE MR BURR T 3.24 g(<25
g); LP SR AR B, RN 2 H PR ; €, AR 25 5%
B PP B PSS MR, A BT BE R TP ALE, 2
e g RS Al S, 30 v B B A (R A Sk
B (EUHERE B9 IEAL O i AR, HQ AR MR Y, %
AR REE , HQ<1 /R SR AE bl I KU W] 4552,
IR LA, HQ LR XRS5

2 HR5IR

2.1 BEEFICRETEPRARTLYNZHEKE

R B T 08 5 b TR T 5 A PN A 24 1 A 245

(32 2)ATA1, X OCPs ¥ B A 15.86~56.93 ng-g”', 8
FAHLEARZ T a-7S7878 INEREM - Ba
G W TRRITUT ) a= /NN ANS AN ARSI/ 7N
> PEs B R YL FE N 42.03~133.49 ng-g,4 T
B OB TR AR 2 YA K LR H R A vy, SR
T 5 T ) e JE H 7 (64.05 ng - g7') 5 X OPPs ¥ J& 71 [l
M 9.42~13.36 ng- g™, 9 A AL AP IR H O A AR AR
FH DX e R A0 R ARl | L h R | A B A
e H R R R, RGBSR AR v
TN — sl P G M SR v, R VR B A L TR 6.32
ng- g, JAREERN OPPs (IR EEYY/NT 5 ng-g™'o 1 iR
PHERH, =R 2GIENF S IRV DL PEs 158 83
AR, OCPs IR, & /D I OPPs, ixX P22 57
AIRE SR Y IREEA TR TR DIAH G , L WnAEAS [F]
780 SL A OR o573 i I Vred c oy 1) S RE i AV
FAR G Al A S A AR o, R o 2 1 1E 2 e/
KT R B (1K) Fie ol B, = e 24 PEs 11
1gK,, 75 6~7 Z[8]™ 5T OCPs ¥ 1gK,, 4 22472620 1fij
OPPs (¥ 1gK.,, {Efe/N, JEATE 4 DUF™, iy T3t R 5L
LR AERF B RN I E L RE T R E AR, A
BRI =R 251Uk BE I K PEs>OCPs>0PPs.,

B 10 T A P AR 24 ) R R R A, A SO
W5 A SR T TS T T A A TR
BV X 35 2858 th ¥ OCPs(a—HCH . B-HCH ,y-
HCH .8-HCH p,p’-DDT .0,p’-DDT .p,p'-DDE \p,p’
-DDD FIANETE )W E N 6.59~23.49 ng- o™, [FI{7 T48
A TR X R, H Y OCPs ¥Ry 3.68~10.32
ng g™, K AR SN X OCPs YRR 1.37~2.81
ng- g P VT IRVE 1 2 T I AR BE L3RI Y X OCPs ¥R i
K 10.5~11 ng- g™ P, A SC g 8 U b X WF S AR N 2
OCPs & B i i - JHo Al 1 [X 03 388 mp A MR BE L (R4 )& T
[F]—¥RBE /K- R 55010 X PEs (R 3TR  FH A
lE . EACEREE IR SR ) WA 13.1~24.7
ng-g”, MEEE RN Y PEs WM 12.75~24.18 ng-
g LA ST Y X PEs Wk B 5 AL, FLrh R
BT S i e ELKS HE R A 100%, 78 HoAth v e v B
BTG (ARG HH 23Rt e A e 1) ELMR B i K, 2 el IR
TR 1K, Sk 6,5 & LALLM, BT LIS OR 2 P
OV BE R R o LI R T B T 283 h X PEs & i 4%
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®2 WERKRN 3 XRAGWAMKIRE (ng- g dw)
Table 2 Composition and concentrations of 3 types of pesticides in Enteromorpha(ng+g™ dw)
T H Ttem RD1 RD2 RD3 DF1 DF2 DF3 DF4 LS
a-757575 a-benzene—hexachloride  25.79+9.83  37.81+6.99  21.52+2.17 45.26+12.93 14.07£0.99 33.50+1.35 41.96£28.76 25.52+4.59
7NF K Hexachloro—benzene 2.96+2.04 3.44+1.53 7.05£7.30  11.67+1.56  1.78+0.04 8.94+7.75 1.95 25.54+£32.9
8-757575 d-benzene—hexachloride nd nd 4.43£1.76 nd nd nd nd nd
2. 0CPs 22.92+18.55 34.00£7.06 27.40+1.44 56.93+23.49 15.86+0.95 42.43+6.40 42.94+27.38 51.06+37.49
X258 Bifenthrin 51.16£3.42 51.33£17.66 50.03£2.51 46.08+2.89 64.05+2.99 40.88+15.96 42.03+9.13 58.80+30.14
FH 453418 Fenpropathrin 138.89 17.93+23.20 41.74+58.07 48.44+16.84 nd 7.60+6.69 nd 15.26+8.95
SR S 59 lE Lambda—cyhalothrin - 21.77+5.08  18.11+2.78  23.30+5.12 nd 37.49+1.93  22.14:0.48 nd 17.10£2.99
S5 1E Permethrin 21.08+5.23  25.39+5.87  22.41+3.68 nd 31.95+£3.18  21.64+1.75 nd 15.79+£2.96
> PEs 94.57£4.79 101.84+35.80 104.09£17.91 95.12+13.94 133.49+8.10 89.73+22.65 42.03+£9.13 101.86+42.07
SR Dime—thoate nd nd nd nd nd nd 3.56+0.01 nd
i JL X A i Methylparathion 3.58+1.72 3.40+0.15 3.78+0.10 nd 4.72+0.16 2.20+0.18 2.33+0.04 2.55+0.19
MRS Fenitrothion 2.02+0.03 2.13+0.10 2.16+0.01 2.00+0.09 nd 2.20+0.03 nd 2.16+0.04
T RLE B Malathion 1.50+0.01 1.51+0.09 1.73+0.05 1.38+0.02 nd 1.59+0.04 nd 1.49+0.03
FEFEW Chlorpyrifos 1.50 2.00+0.06 2.21+0.04 1.98+0.45 nd nd nd nd
MR Quinalphos 3.78+0.77 3.51+0.37 2.89+0.19 3.09+1.58 4.07+£0.93 3.29+0.14 3.00+0.31 4.771.71
— % Triazophos 5.14+1.86 5.00£0.65 6.32+0.76 1.96 2.66+0.41 2.39+0.45 2.14+0.15 2.75+0.09
> OPPs 13.36+4.85 12.88+2.88 12.58+0.75 9.42+0.76  11.45+0.69 10.57+0.47 11.02+0.12 12.38+1.50

T ond JIRT AR DL 2 P pniE2E . TRl

Note :nd is below the detection limit; The data listed are meanzstandard deviation. The same below.

1%, H A = sl giohss s, O B J2: 44~184 ng- g,
A SCHFET Y X OPPs Y VI ] A H & 20.87 ng-
g, WS SRR U BEAIG, FLAER 2 — Wi vk 2 A v, HRT
=l R A K VR B BT YR K R I R AT 2
s OV T3 I T b DXl P i R, e B e gl A P
WREEREE
22 MEEFILKENSHRANEESN

N1 T R IR AT B RN B R
B, A -TURRY) & 4 R 1 (BSAF = 5 R N Rk 24
15 YLy R E TURR ) rh S AR 25 258 15 e Wy ik )
(B 2) AR XU rh A 2 1) SRARAR B, TTTAR
i1, X OCPs. 3. PEs F1 X OPPs ¥ 35 43 5124 191.83~
314.04.1.10~1.84 ng-g™ F15.74~7.63 ng- g (£ 3).
i BSAF 313 45 R al #1,0CPs 1) BSAF {H¥%5/NT
1,0PPs [ BSAF {2k 1~10 2 [d], fii PEs [{J BSAF {f
K, TE 10~100 YEFEI A . B FWFE RN X PEs Wi
K, MUTER A H X PEs W BE SiRe/h, Fr LA PEs 19 BSAF
Hi K, TR E R i X OPPs YR AR
&SR b RN BEUEA T, I, OPPs 1Y
BSAF {45 F 1,1 £ OCPs fEULRY &/ Aok,
H T X O0CPs TEWFE RN & i, i OCPs 1Y BSAF
EX/NT 1o 2R 251 BSAF /A%, H 53T
TR 2451 ARG T UTR I AR 2510 & s 5 R

GLETTRRYIA HLER 5 EDK Z 0] 9 73 B R A Ko AT
K, RAHFE PARLE RS 16K, A KM i,
OCPs 19 1gK,, fHYKTF 3%, 0PPs WylegK, KL /N T
39, SRR OCPs B B K T OPPs, PEs f3i] 41,
1T PEs 7E7K A REPRE AR, [N L, DU Y PEs
Sk,
23 BEBAIEERENEDPRALSREYHRAN
(AR VY

AL T R 5 A 3 Bl OCPs 4 B PEs
Lo T Ff OPPs K259k o Horp NG ADLE T
20 22 70~80 AEACHH , Joik HEA T ok B KU A1, ik
PEATRRSCHE RN B4R 254 2 Tl OCPs (4 Fift PEs

100r [(JRD1 - EEDF2 [
f EBRD2  EHDF3 # iT
1055 ERD3  FIDF4 :; i
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t ' = 3
=] % B e
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Figure 2 The BSAF of Enteromorpha
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=3 MARYEN 3 KRGPWHEBKKE (ng-g' dw)
Table 3 Composition and concentrations of 3 types of pesticides in sediment(ng-g™ dw)
i H Ttem RD1 RD2 RD3 DF1 DF2 DF3 Dr4 LS

228.92+12.00 314.04+244.75
228.92+12.00 314.04+244.75

a—757575 a—benzeneh exachloride

2. OCPs

191.83+44.32  237.87+77.64 239.89+49.45 214.55+126.93 208.21+77.94 208.74+17.41
191.83+44.32  237.87+77.64 239.89+49.45 214.55+126.93 208.21+77.94 208.74+17.41

FH %{35]i% Fenpropathrin 0.45:0.02 0.73:0.04  0.69:0.02

AT Lambda—cyhalothrin -+ 0.54+0.01 0.60 0.59+0.01

%41k Permethrin 0.46 0.51+0.03 0.54+0.05

3 PEs 1.10£0.19 1.84£0.07 1.83£0.04

SR Dimethoate 0.740.06 0.86:0.13  0.96:0.41

FA X il Methylparathion 0.99:0.16 0.86:0.04 0.940.03

FUEHHH Fenitrothion 0.68+0.03 0.70£0.01 0.66:0.01

LRI s Malathion 0.68+0.18 0.68+0.01 0.5320.03
B Chlorpyrifos nd nd nd

MR Quinalphos 3.85:0.42 3.6620.11 2.66:0.13

= IkH Triazophos 1.0120.31 1.020.07 1.20£0.67

3. OPPs 7.27+0.87 743:035  5.7420.86

0.67+0.14 0.65 0.56+0.02 0.52+0.02 0.72+0.32
0.58+0.02 0.57+0.01 0.56 0.56+0.01 0.57

0.49+0.03 0.46+0.02 0.46+0.01 0.45£0.01 0.54+0.10
1.74+0.20 1.68+0.04 1.58+0.03 1.52+0.01 1.83+0.42
0.69+0.04 0.65+0.05 1.40£0.21 1.20£0.16 0.88+0.17
0.86+0.01 0.88+0.04 0.93+0.02 0.94+0.03 1.02+0.08
0.70£0.05 0.69 0.70£0.03 0.69+0.02 0.70£0.01
0.58+0.02 0.55+0.02 0.55+0.02 0.58+0.01 0.62+0.01

nd 0.67 nd nd nd

2.23+0.44 2.17+0.24 2.87+0.13 2.83+0.69 2.82+0.30
1.03+0.01 0.85+0.17 1.04+0.20 1.40£0.25 1.09+0.07
6.09+0.46 6.47+0.43 7.48+0.55 7.63+0.81 6.77+0.46

17 Fft OPPs( 3 4), maxTHQ {8 3R 4 25 76 i A #E
SRR RS R, T AT sam N A
> = Ml X A > AR > S 8> F R B
> o S SR A B> S B TR >0 75 75 75 > A MR i >
TEILMES E AN, PN maxTHQ B35/ FAHIE Y
ADIA{H, 3 H. THQ fE ¥ 38/ NF 1, iF B h AR A
LIRS N IR RRFRBAT R TE R . aveTHQ {24 5
PR 22 AHE PG AOT 1 AR B R AL o
FNISINTE OCPs Y TTHRAE Ny 99.54% , BRARSGHRTE
PEs Hr I BTk A 80.51% , MERRBTE OPPs HA 1) 5Tk

HH58.74%, FMR—RLGHPFIIETRE , 07N
ZNTE OCPs HR BT iikin K, OR4G R AE PEs H ik ek,
WE B AE OPPs W ok e Ko [l B, B 2511
aveTHQ {E#RIE/NF 1, % AR A L5 s HI{E Y
AMTEERE 7 : OPPs>PEs>OCPs, =254k 24+ OPPs 57
Bk R

W h =2 25 TR S1~822 & A5 % HI
(EE 3 Fros, o, i TWFE RS AE 3 2 5 T iR
R LA B i R SR 1 AT R i S ek
%, W %I OCPs PEs 1 OPPs HI 35 Bl 43 514 8.74x

x4 RANWE 3 XRGBANESHEXHREXEITN

Table 4 Estimated daily intake and health risk of 3 types of pesticides in Enteromorpha

K5 Types 424 Pesticides  ADI/ng-kg'+d"  aveEDI/ng-kg™-d™ aveTHQ aveHI maxEDI/ng-kg"+d"  maxTHQ maxHI
0OCPs S AYAYAY 5%10° 1.09x10° 2.18x10°  2.19x10” 3.209x10° 6.58x10”  6.58x10”
N EVAVAVAN 5x10° 7.48x107* 1.50x10™" 1.65x10° 3.29x107°
PEs IR s 1x10* 1.90x10° 1.90x10°  2.36x10” 3.71x10° 3.71x10°  4.10x10”
FH 4= 24 g 3x10* 4.55x10°° 1.52x10™ 5.16x107° 1.72x10”

FE VK K L 4x10* 6.84x10° 1.71x10™ 1.56x10° 3.90x10™

AR 5x10* 7.17x10° 1.43x107° 1.66x107 3.33x10™°

OPPs IR 2x10° 6.01x10°® 3.00x10™  4.12x10° 1.32x10° 6.61x10™  8.48x10”

FR L X B 3x10° 5.00x107 1.67x10™ 1.75%10°° 5.83x10™

ZRIER 6x10° 6.53x107 1.09x107" 1.12x10° 1.87x107™

T 3x10° 3.99x107 1.33x10™" 7.69x107 2.56x10™"

AL 1x10* 1.38x107 1.38x10™ 9.21x107 9.21x10™

W 5x10?2 1.21x10° 2.42x10° 2.95x10° 5.91x10”

= e 1x10° 1.38x10° 1.38x10” 3.88x10°° 3.88x10”

{E s aveEDI AR 251 H B AR ; aveTHQ Sy HFRF-31E 1 540 maxEDI Dy 248K H AR s maxTHQ 2 AR IR R SER R L

Note:aveEDI is the average daily intake of pesticides;aveTHQ is the target average risk coefficient;maxEDI is the maximum daily intake of pesticides;

maxTHQ is the target maximum risk coefficient.



1114

RAIMERF 2R R AR

2.5x107% ¢
2.0x10° |

1.5x10°* }

HI

| W Socps BEESPEs ES

FE 5, Sampling sites
3 WEHREERGTENERREIEL(HD)

Figure 3 Health hazard index(HI) of pesticides mixture in Enteromorpha

107°~6.58x10.1.03x10~4.10x10~° 1 0~8.48x10~,
=R 2 HLE R 2.62x107°~1.59x10°, /N T
1, TGRS BT L e 5 A R A I 1 =28k 2h
WP LR T REAS i 3 A R iR BEAKF- . 2k 2)
t, OPPs Y BTRkE K, 7E 9 Bl OPPs HhGll e 7 Flr, 2
SRR PRGN R R R 20, O HAEX 7 M2y
H, MERRAEG ADTEE 5x10° ng-kg'-d™, 2 28K 24
/N TR ADT (/N A e 2 . R, s
TR THQ f K, MR OPPs H BTRk AR K1Y
fiFLA, OPPs 1Y) HI {5y, 5 HABARZ A L, OPPs X
NI M e LRSS 2 e K o R PEs 78 JXUBS: W4 v s
I T OPPs B2, PEs TEWF & 14K N Y 5% B Tk B2 et 4
PR — b i mi i, 3L HI(ERAR, IR A2 T
PEs #5025 /0T OPPs, i PEs 194 4757 HI {4
fiX T OPPs, [Kit , 47575 inad X} PEs (4]

ARG CE i e 247 5% B KU P A 4 F ) PRA 2828
MK )BT WF ), 5 Fik THQ g 4h
W8 W (2O AR E i, OPPs H — e
R R XSS e A, FEFS AR U AR SR L R B Bt e A% M
Tibd . BEAEMEAN T RIAT A , PEs FPIBETR 2 ik A JXURG: F¢
K, B SRBE TR ) KUB ie/N o A TTA 5 KT
fhigs R —3, “W#E(ARMD=0.001 mg-kg™ bw) JRF
(ARfD=0.02 mg kg™ bw) B 255 (ARfD=0.01 mg+
kg™ bw ) 1 iE A IR A T (ARfD=0.02 mg kg™ bw)
SVEREPE R ARID /)N, DU JRURS: R (B , (L RURS: 72 2
ORI = PRk B XU R 3.64% , HA/NT 1, 1509]
S o RS A G AEAIR

3 £

(LI R AN A 2 55 B A LAtk 3 A5 T
JE, AR E AN AR 2 5 i PEs>OCPs>0PPs, H.

PEs e 25 &b i THAA B2 s S AT &
FHHESAR LG, WFE OCPs Fil PEs i85 2 F H At b X
(R, TR T OPPs (5% B A T HoAth g 8

Q)E X B e -l Y & E W F
(BSAF) /0t & 30, BF &4 PEs B & 4EfE J1 %90 , OPPs
()8 4EBE 1R >, T % OCPs 195 e 59, KR 24
()& SERE I T RE S R 2Y I IRIRA TR AR LA R AR 24 1
e G AR AL A G, F B R LKA K, Al
R FRARE

(3) X1 &1 KU BRAN A 485 SR e B, B — R
ISR, a7 oS TR A T A B A
ey sk R, AR 2 ADT B/, T XU i
KABEFIAR 251 aveTHQ {EARIZZ/NT 1, % AR R
WA 5 NE A TS0 HUE AT, = 28R 250 SHI
fH ol 2.62x10°~1.59x10%, HLut/NF 1, 156 B g 551 75
MR AR ZY F B i B R A1

(4)HRHECE b R AR 2 5% B8 IRUBG PEA 48 R ) PEAG 25
RER, MK A TS H 58 XS PR — 2L
(25, WIS A s n] 15 A LA 24 v — e il
() R XU B, B3R R 3 iR 25 A 24 B DR 2 iR 1
KU R B T4 24 ARID B/, T JRUS: 7 11K L 1ELXL
I B e A P — ARl e B XU 7 R 3.64% , Hae /T
1, 50 Pl 0 3 o XS 2 A 24 P et B XL A
XA
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