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Abstract; Emamectin benzoate (EMB) is an effective pesticide widely used in agriculture and aquaculture, which

could enter the coastal environment and potentially affect marine organisms. To investigate the effects of EMB on
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the marine copepods, the acute and the chronic toxicity of EMB were studied on Tigriopus japonicus Mori, of
which the mortality, ingestion and the activities of enzymes related to antioxidation and neurotransmission were
measured. Acute toxicity assay of EMB showed that, the 96 h-LC,, was 7 156 pwg-L™" and 3 637 pg-L™" for adult
females and males respectively, and 24 h-EC,, was 3.5 pg-L™" for adult females. Upon the 24 h exposure to EMB
at concentrations of 0.5, 1,2, 3.5 and 5 pg-L™', the feeding and filtration rate of 7. japonicus decreased with in-
creasing EMB concentration. The activities of antioxidant enzymes, i.e., superoxide dismutase (SOD) and glutathi-
one peroxidase (GPx), and the activity of the enzyme related to neurotransmission acetylcholinesterase (AchE) in-
creased with increasing EMB concentration, peaked at 3.5 wg-L™', 1 wg-L™" and 3.5 pg-L™' respectively and re-
mained stable afterwards. However, the activity of antioxidant enzyme catalase (CAT) showed no significant change
with EMB concentrations. For chronic toxicity test, 7. japonicus were exposed to different sublethal concentrations
of EMB for two successive generations (F1 and F2) and subsequently all the treatments were recovered in seawater
for one generation (F3). The developmental rate decreased with increasing EMB concentrations and 10 day fecun-
dity was significantly reduced at the highest tested concentration (0.5 wg-L™"), which failed to recover in the third
generation (F3) raised in seawater. The results shed light on the effects of EMB on marine benthic copepods and
provided basic information for the ecological risks assessment of EMB.

Keywords: emamectin benzoate; Tigriopus japonicus Mori; acute toxicity; chronic toxicity; copepods

ABTFEFRI , B 4 B 2 10 A HE SR
P2 T R AN ZE -0 AR 248 B 22 Ay HE il

FETEPESZ IR A IGE I FE MR R4 F K R T
FH 4 5 X5) kiR £h 2 /K % ( Pseudodiaptomus poplesia)

5 BRI HY 2 ) A TR 2% O Y IR R (TR Pk P 4 6
emamectin benzoate, EMB) & — 5 54 (1) % HU5, i
TAREE R RO R L, BT 2 T AR FUK 7 R B
v, HAEERXS TR 3 B inf# H (Lepidoptera) |
## H (Coleoptera) % HA K4 1 R KAERSY, #EK
FEFEEE L R AR S 2 RS A T 2 BR R
VUG £0 (Salmo salar) . KRG fi.(Oncorhynchus ke-
ta) 5 TR A VRS IR 2 L4 fil A5 i £ B\ (Lepeoph-
theirus salmonis) , & #| 1 &\ ( Caligus rogercresseyr)
AT 20022015 45 F A% 22 A fE £ RSN 1
£ T H AEER R T 5 A5™ . FR 4 Ak b fa 2
VAN A PR SE IG , TR SE A DT FE T
Ty R R AR 22 | I BN [ A8 8 254
e AR KT R g, B &K
AR T 120 A", X AR AT AT Hfth ok
AW SRR AR SRS e A Sh A TR 4G
KBV IHE

T R AR I e v B B IR G 7 A R
REEA X TR v AR R R SRR A
ZFRHEE MR R A ME H ik
T WA METFAER, PSR AT DA RO K
AR RS IR A A 2352 e B AR TR AR
BF7 BHETC A B AR /D, Willis F1 Ling!™
VAR T F AR X 4 FPaEvE 7 A 2 2 i 2 I 3

EEEAEH]

AT LLE A ARG R R 2 —— H AR B
JK & ( Tigriopus japonicus Mori) N X} 42 | W 53 A [A] e
JIE TP A3 2 5 0 L7 A 1 2P B MO0 (LA P B
HOCURE EEONR T 188 R UL R A A Fa s
AP P 3 PR RO, (B4 & B TH] & B 310 d
FEER e, A PPAR Y 4R ER GRS 0V A B i 42
BEBEE SRR AR

1 ##l57 % (Materials and methods)
1.1 BEEMRESIE

H A SR EE G /K 28 R A 5 8 a2\ bl i) 8] 47
P TR R 2 T 2 i 2 e I AV A= ) 52 6 = 4
HE BIFRAAN BR300 20 C, G 12 h(L)

: 12 (D), THER = 155 ¥ (Phaeodactylum trico-

mutum)(4.0x10* cells-mL™") % & K i 18 (Platymonas
helgolandica var. tsingtaoensis)(4.0x10* cells-mL™")Fll
BEEEQ2.0x10% cells - mL ™ ) AIR G, 1537 FE K BCA
TRV T OUE, 2045 wm HALIEIEEIE , SRS
JEK
1.2 YRR A T

FRELLIE N 99.4% A B 4k £ (PESTANAL® Sig-
ma-Aldrich, USA), ¥ H ¥ T — B J& W i (dimethyl
sulphoxide, DMSO) ([ £ £& [A41 4k 27127 A BR A 7)),
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BC il B 20 g- L7 IAF, T 4 CHREGIRAE .
1.3 APEprEss
1.3.1 PHEGEHE

SIS AN R H A R v B2 2 (HEE 10002 000
4 000 .6 000 .8 000,10 000 £120 000 wg-L™", KM
100,800 .1 000 .1 600 2 000 3 000 .3 200 .4 000 .6 400
112 800 pg-L™"), 1 AKX HEAL AT 1 4> DMSO
A A, B 3 AN FAT, BAEAT 10 HAS
BT 100 mL Bebf, TR T B K i, SR
R 1x10° cells - mL ™", R 6 BE AL IR 5 34k
ZM—3,48 h #7K(50%)—1K, ic 5% 24 .48 .72 Fi
96 h BT, LUSEFIAT 52 il ke fE 26 T = I HL H:
1A 4 i 38 TC T 3% 2 R BET
1.3.2 PRGOS R

Pkt B A B2 BEAR K 28 AR, S50 Tk R A %
BHHO05.1.235F5 pg-L™, HAhE FEEGE
WRESCH, WER 24 h AR R BPIRAS id s R AL
NETENL . LAke e BT BEAR IS 10 s, (UAE A 71
B A 0S8 AT sl o ELYE ShRe 155 o e A A
RN
1.4 HELEK

PBEHE O HEPE AR, 2 58 75 A W] Ve B PP 4 46
WO05.1.235F5 pg-L) P fERSERH, 5k
B AR IRAURT 1 AN Rl Al 3 AT,
BASPATHCE 10 HAMATF 100 mL @22 1, #
MR R KA 7 5 KO B, TR R R 2R 1.0x10°
cells»mL™", FHER 7 60 2500 B , B T E R =246
8 h ZZS IR S22 LR, 597 24 h 5 B B

LR G E %2 , H Sedgewick-Rafte 77 i FH 4 114X

METFHL, fiFH Frost A xUI S R AIE KR
1.5 A:fkists

V8 BT AR % AN ) ok B Y 4 5R.0.5
1.2.35F15 pg-L7")24 h, & H A B8 BEAG K F 1Y
1 S8 Mk S (catalase, CAT) # %8 1k 4 7 {1 (super-
oxide dismutase, SOD) ., bt H Ik 1 S84k 9 1 (gluta-
thione peroxidase, GPx){f% M L & 2. Bk AH % i il (ace-
tylcholinesterase, AChE), 7 4b, SCH 1% & 1 4~ X B
AT A IR, B 100 mL BEFR T E 100
HAMEK, & 3 AP A7, THIREE SR 24 h 5, BEPLEL
80 HAEA 1.5 mL B0, A 0.9% HYAFERIK
FH/VERIF I 22 oK UL BH 8 2 208, SRASF A SV 3L
W SIHWAE 2 500 r-s7' FE T B0 10 min, B E
THW, FH 0 & (R ot AR TR A 5 T )

CAT %1 . SOD 1%t . GPx 1% PEfl AChE 7%, H T
D D38 b BT FH 08 1 2051 500 B 40 3 R 5%
1% 1% F110% .,
1.6 18PEEER

TEH A R BERR /K & To 90 4 AL fS 24 h N,
P 3 1% BR A IR % 58 E AN ) v B8 1 Y 24 R V5 o rh
(0.025 .0.05.025.0.5 f12.5 wg-L"), fERSCE0A
(] BB 1 A0 BEZH AN R0 R R 3 3 S F
1T, i 7EE 2 RRiC N 1 F2 K F2 4 0P
BRI TC B 1416 K R R AL K 7 B TG 4l i
FRidh B3, FEM K R 7 5 5%, B 10 HIJEy
R FRAE S FLES SR A 8 mL I Y8 U 7K 19 /)N
b B R AR FL R 50 mL BeAR, 4 48 /NI EE
e 50% PRFRAY RS2, TR | I BE RN 3k B 4 SL IR A%
52 RS IR A, il SRAMA A E R B
RO B B & B I E] R R 2 L R AR Y
KB B EINEBCE 3, 76 iz 4L 78 % B B 1) & & B
], B EE DN MEE R A BNFLER IR, AL T ],
BEAFATHLE 6 H L R53R 10 d, ic 587 B0 R BOR B
ey ot
1.7 Hdikb

[a] )1 4341 FH§ Origin 8.5(OriginLab, USA), #5415
96 h-LCs, .24 h-ECy,; ¥ [F & J7 2% 43 H (One-Way
ANOVA) XK 2 J5 2 43 #1 (Two-Way ANOVA) Fil
LSD £ # b % K 56 R SPSS20.0(IBM, USA), P<
0.05 N225 i 2 ; Pearson A 5L/ 412K ] SPSS20.0
(IBM, USA), P<0.05 N B EZAHX

2 %453 (Results)
2.1 BRSO A BN T

FRAEER X H A 2 B4k 7K 2 MEVE FTMEYE 9 96 h
B BE U E (96 h-LCy) 20 %N 7 156 g+ L7
F13 637 pg-L7'(F 1), Hr HiM:AE 6 400 pg-L™
SERIET T MMEPETE 6 000 gL' FET 5N 10% ,
F£20 000 wg L™ 4=#BFET-, EMB XFHEEMARY 24
h 2RO R BEE (24 h-EC4,) 0 3.5 pwg-L7'(1812),
2.2 XHEERREE

Bt e SR B T, H AR R B K B E %R
FIEAK RIS 2 AR A H(E 3), 0.5 pg L7 HREE
YA R ORI E /K 5 X R 2 A LU TG 3 22 5 (P>
0.05), YPLEEREF =1 ng L7, L84 50 4
5B EP<0.01), HEIBFER, 755 ng- L4l
PR B RIS K R IR B B AR, AR 2 412 cells-
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HEPERL G 2 2 y=100.8- 103 §i7 ,#=0937,P<001,
I+e 0780

Fig. 1 Susceptibility of female and male T. japonicus to

emamectin benzoate (EMB) for 96 h exposure

Note: Mortality data were fitted to a dose response curve (variable slope);.

The equation for female is y=99.9-— 225 _ 20999, P<0.01;
1+e 0642

the equation for male is y=100.8—— 240 20037, P<0.01.
1+e 0780
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Fig. 2 Susceptibility of female T. japonicus
to EMB for 24 h exposure
Note: Effective concentration data were fitted to a dose response curve
10(33 -, £ =0807, P<0.01.
1+e'0s

(variable slope); the equation is y=100~—

- T: 14 :Hxﬁxﬁ’ X Grazing rate 6 Ai
2% 12 b+ = WK¥Filering rate] 4 5
5 & - SE
EZ 00 a2 a2 v 1, EX
23 s} T 3 E
8o o ES
&% Of =
Z 3 4t c 12 x @
¥ e \ Y
§ @ 2r ™ xd
LS ¢ B3

3 Control Solvent 0.5 1 35 5 =

i ﬁﬁi%ﬁ%‘%f;/(pg-b‘)

Emamectin benzoate concentration/(ug-L™")

B3 F4H A AREBEKZBR|EMIBKEHZM
TE:a b c FORAIFREEWEL T AR 2E 54, P<0.05;* P<0.05
* % P<0.01 R4S S 2H 5 0] HRZH 1925 514 5 control £83

XJHEEH , solvent VAN BELH ; T A,
Fig. 3 The effect of EMB on the grazing rate and
filtering rate of T. japonicus
Note: Different letters indicate a significant difference among EMB
treatments at P<0.05; * P<0.05, ** P <0.01 denote

significant difference from the control; the same below.

2.3 WA TR PRI

FRBRTEAN I BE A W 43, H A R BEAE K 3%
TR BT A AL SOD I GPx 176 M1 H B 25 1y 78
T(P<0.05) (K 4), TE—5EHEEF N, SOD il GPx
T P Bt P 2 v B T v T v, AR — R
T A, Hr, SOD JEMEFE 1.0 ~3.5 pg-L 7' H B
WK 3.5 pg- L fer, 58] 48.7 U-mg™!
prot; GPx {EMELE 05 ~1.0 wg-L™' IR 7E 1 pg
L7, i85 1188 U-mg™" prot, M 43I7E 3.5
~50 pg L' 10~50 wg- L' #TFE, —HE
At i 25 TEAH 56 (r=0.746 . P<0.05), SCBeHk FEYE
FBl A, CAT 3 PR B2 TG i 25 A8 fk(P>0.05) ,

AChE 5 SOD GPx ELA LAY AE fL i $ , Bi 1%
PEREE 4Rk B n i Eob . FE R dEhvk ik
F35 pg-L7'HF, S840 AChE 15 V5 X6 B AH [
BETE A8 24 U-mg™" prot, FXF IR 1.4 %,
H. AChE 5 SOD ,GPx i P4 A8 fb i 34 52 I 35 1E AH
F:(AChE 5 SOD, r=0.733 . P<0.05; AChE 5 GPx, r
=0.541 ,P<0.05),
2.4 XHAFEE R

F1 Ml F2 HA EBEAL K & TC 17 4 AR 2 ke 2
A CL WA it Rl ¥R 5 ~ 8 d, B 4R K & Ak
PREGISTE] R 6 ~ 10 (18] 5), 7EJC &) HL & & I [E]
,F1 1005 wg-L "' A1 025 pg-L™ W B4 5% 18
2H 25 57 W 3 (P<0.05) , F2 o UL S 88 40 55 %6 BEZH A [
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4 BZEEHAREFEKFELERNTN
Fig. 4 The effect of EMB on the activities of the antioxidant enzymes of T. japonicus

Note: SOD is superoxide dismutase; GPx is glutathione peroxidase; CAT is catalase; AchE is acetylcholinesterase.

[ Control
Control
FFH Solvent [ Contro
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=R _ 4 0. ug-L~ k) _ - Tl
2% '@ 005 pels 2= [ 0.025 pg:L
= N .05 ug 25 = =
£8% 12 5 E o 0.05 pg'L
=2 r ([ 0.25 pgL == [0 0.25 wg'L
i 3 B 0.5 pgL o # -2 Ug
R 10t ) fZ= 19 B 0.5 pg L
B g &g aa
o 2o 3 a a
=09 s N
% % @ 5 6 §
B= = N
K < ® 2 4 \
5 SE \
2= 3
R % 2 9 A& I
a F2
it it
Generation Generation

BEs5 FRESRNEREREARRL TN EHZME
T :F1 F2 g At F3 i AL,
Fig. 5 Effect of EMB on the developmental time of T. japonicus

Note: F1 and F2 were exposed to EMB, and F3 was recovered in sea water.
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Fig. 6 Effect of EMB on the successful development

rate of T. japonicus

Note: *** P<0.001 denotes significant difference from the control.

I Control
140+~ EE3 Solvent
0.025 pg'L!
120+ 0.05 pug-L!
(I 0.25 pg-L!
100t 0.5 pgrL”
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10 dF=HPE:
Fecundity in 10 d
3

40r
201
0 BN
AR
Generation

7 ERERRNTIEM B ARBIEKE 10 d B ERRIT
Fig. 7 Effect of EMB on the 10 day fecundity

of female T. japonicus

B SIS T &y e, HL A B P A 5 e B v i R AIK
IEaEE 6), K& F I ARIIH & B 150
S, FERRTHRL, P4 =0.05 pg-
LB, HAS R BREAR K 3 & B R AS W R AIG 5 220 i 3k
05 ng- L7 B, & & FAHB R4 B E R P<
0.05); HeEEILF 2.5 pg L7, A3 AET:, F3 A
PRE AR, 78 & AL, TG gl AR S SR I 4l
CI AU 025 g L7 VR 4L 0T R4 5 2 T =i (P
<0.05) ;1% J& &I 4 1) LA Bsf 191 % 52 36 2 A %o R A R
BE(P>0.05), F3 R E RN EES F1,
F2 #[A],

3 AHEARHEME AR 10 d PRER R B 3 IR,
Xof RECZH RS FADGT B2 5™ B 3 (9 P BIE E 69 ~ 77 A4
(E 7), M YEEREEILF] 0.5 pg- L7, F= Bl &7
BIEAE 58 ~64 -, F1 F2 ARG A F3 Hynf b H
AU FEIRF] 0.5 g~ L7, S B 6 5 ) BR ZH A
HeAT 2 P22 5 (P<0.05) , B I I

X F1 F2 1 F3 #E47 0 207 2250 B (3 1)n]
15 AETC T4 B B R SR KB BRI L AR
REFRL, PR E M RAERLE LR, L1
L Y RN a= T S I w1 B R ST o
ZEF(P<0.01); ke /2 4l iR & B % b F2 . F3 5 Fl
A FE2E R (P<0.05),F2 5 F3 Z [0 A W&k 2
S(P>0.05), TELTHMMET R BEBHREMI0d
FEOEE b R R NS e R,
W JETT A U R SR AR R B R T 325k
N 22N B F (P>0.05);10 d = Op 6 Tt 3=
MR R EP<005), HF2 F3 5 F1 %%
(P<0.01),F2 5 F3 Z[H]V& A7 b & 4 22 7% (P>0.05)
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Table 1  Significance test displaying the effects of EMB treatment and generation
on reproductive development of 7. japonicus
Y A e AR A e B AR
EMB treatment Generation EMB treatmentX generation

F df P F df P F df P
tl 8287 5 <0.001 101.981 2 <0.001 3408 10 0.003
2 2017 5 0.100 43636 2 <0.001 4.155 10 0.001
rl 1939 5 0.112 1735 2 0.191 1475 10 0.189
2 10.038 5 <0.001 6.169 2 0.005 4.196 10 0.001
13 13.185 5 <0.001 2544 2 0.093 2.037 10 0.058
f 9.046 5 <0.001 7326 2 0.001 0.713 10 0.710

TE:tl 2 FORBRLZETC 4 R AIRRY R B, 11 12 F1 3 FoRbe TN 4 i B R A AR L H R BRAAE R, F 208 10 d 7B,

Note: tl, t2 represent the development time of nauplii stage and copepodite stage; r1, 12 and 13 represent the development rate from nauplii to copepodite,

from copepodite to adult, and of the complete development process respectively; f represents the 10 day fecundity.

LA AR F3 IFRERBUIIRAZ IS

3 iFi ( Discussion)
3.1 ZAvEErEm

K 7K B LU I A0S FE S o ELAT B R R 2R
BRI E J1 ., i dn, Al K 2% 6 B Ak B AR B
(Trichodesmium spp.)#F % [Tt 32 RE J1 2.3 & T 1 1iF
e IS AR R R X H AR B BREAR K o5
PEAMARY 96 h-LCy, 7 156 wg-L™", MR 3 637
pg L7 ARIGEHE" oY 2R B, FE 4R X IR i A A2
K BB K K ) 96 h-LC,, }9 229 pg-L™', iLic
T HASRBEAE K 25, A /K 35 X FH 4R (YT A7 g
WA TR W AN S, W 4R X F AR b 2 2R
Lepeophtheirus mugiloidis F1 M P4 5 F| £ w11 24 h-
EC,, tb HARREEAR KR 3.5 pg L7 1 ~2 L
0N 342 pg L7 A1 169.0 pg-L7'7 ) JHk
2N T AR A USSR L A AR A R

S22l W % 15 G ) 1) 0% B R A TR R ) 22
S UNAE ARk (rotenone) . £ S K K (polychlorinated
biphenyl Aroclor 1254) Fl1 £ ¥ 35 4% (polycyclic aro-
matic hydrocarbons)Z& % 25141, 1 P S 7K 2% E M
U Y ARBIFGE A o P L R X R A R 1
i 32 P AFAE 22 5], I 5 R WF 5T b g K 38 AN ] 4 5
XFTAMNETS e ) i BURBEE AL, D34, A B R
WY, AEEh 22 58, Skt i £0 U M b g 1 B A
JRRPAEY CAS [ A A R X T Y A A SRR T
REFFTEZE R

3.2 HZEERXI AR AR BRI

FEAWFFE Y Bl A AR Eh v BE 3, H 7R FR 3
KK B R RUE KRR, B#ET 3.5 pg L™
HYEEh 24 h 5, H AR FRBEAR /K 2 ) B 2 4 R B
IS, 2R I R RIS I S g LB, BT A
AMABIYR, JC A E15 shRE T, 304 7™ 5 R i 21 AR
BAEK AR, Willis A1 Ling"! (9 0F 58 2 B, B
b FREE RN 4 R UERE B 2 iz Bl g
R, O, 4R T R S A R A 22 1Y)
PERU AR TR, M RB R AR A, %21
IEH ARG Bl LA iE 3
3.3 HZEIEF AR AR

SOD CAT F1 GPx JEHi A Ak Bhi 18 R 48 h 2 (1)
PrEACES , XHE BRI NG R, IR LR 2 Ak
Pt R EEAE S, —OA R, R
S, SOD I P45 5 1 H B Jiika 5444 1, SOD i P
TR, AR B AR R BESE K 3 7F Hg
fPriE T, SOD 1 GPx {4 2 bl Hg ¥ B 1 7} =5
ETHE TR FEPY, AE = 54 (triclosan) B /E F R, SOD
MR RV B T i o B AR R B R 4
e BT, B AR R B K 2 A9 SOD il GPx i
PE LT PRI T, B RMA T HARRRR
IR R BT A AL B & B8 SOD Al GPx 1 1 i
N, R B 4 RO B8 R ) R
(14 Jolk 36 T BE AR L H AR FREEAE 7K 25 Bl AL i ) i
To AR, BEETTAWREN R AT AR
BEAG 7K 2% CAT JEPEY A& H 80 8 25481k, 7T ik A4 Ji I
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SEAFFE R B0V B AN o B[] 95 A 15 3] CAT 1
VB, B Mt CAT (W ita] . H A R BEAR
KERTBE T REWE S ng L' 24 h J5, BARTTBhAE
1R B ARSI JRAR 2R A 4o S A B B %
(&3 B S R UM E = Q]I il

AChE fF1E T A R ZHOK A v, 2 % 128K
Zan S LA 0 I b 2L i W, Ak 2
PR, o HLK it by 20 B ATIEAE , 4k 354 22 b 3h B4 1
WY, AChE 151 TGI8 52 B il 38 215 S 41
SR R e E, APFIA R P i b S
AChE ByitE, 7EH 4 i9VER T, /NBU(Rattus nor-
vegicus)ft] AChE 8¢ i & Ml | 16 P R 72 AR
e BEE T 4EER 24 h X AChE 15 P A 5% 1) ik 2%
TS, TR S EOPE e I 2 sl 1% ik Hh BB A
T e e 2R RN BE H T B, AT sh IR &, B B K
JEIET
3.4 HYEER SR AR K B R

F A P8 B 7K 2% 1) 2 B IR 1) I P 4 v J3g 74k
JCHA S A AR (AR T e bl P 2 ok B 1 T
A, 76 0.5 g L HZ4EEh ik BE R F1 F2 2] ik
B % T REBLT 80% ,F1 AV 49% , A IEaE™ Ay
ot BH | Bl AR Eh v JE I T, KRR O K 3%
UHRAEIGE A B R E TR Py H A
FRBEAE 7K # 77 B R B AR A IR AN A Bk 5 (ELAE 10 d 7=
GIEE b, REET 0.5 ng- LAY SII 4 5 0 R4 AH 1
FE F1 F2 ¥y BE 5 3 B AIR (P<0.05), A RFFTEM,
FE A 0o 48 ) £ L Ak e Ay g B, 4
A5 T BB AT P A0 2O RN R R S T R AT = B
i, A 2 B e T, s b i 24l ik
IER KRS, S PR D | 55 R 454
MRS RG IR

FH 0 058 28 118 2E A7 RN B ) 1) 5 S M 4
ARG N ARWEgE R, 20 2 B iR
J& AR Z AL PR H AR R B K & F3 AT
RRMALRE S F1 F2 M LL, IR BUR B 4
FA e 6 A5 A2 28 i s ) ATl SR AR s 45 AR, AT
REATIIRAE . TEREFM=0&E L F2 F3 5F1 2
A7 B E PR M F2 5 F3 2R KK, o #r EIA
Al RESEAS MR AR F2 AR L BL—E i,
F3 JEZE T X FppibE , v AR IE 1 BRI

ZE DTAR, B AR FEBEAR /K 35 6 B 4 L 1) SR
Fb 25 AR PR I S R, T 52 R 77 FL TR I e 28 v i
(AT 7 BE T EEAIR ; B2 88 251 T, HAS FEBEAR /K 28
(32 B BE 1 | 35 B 3R A E K R 2 2] 7 E R

SOD F1 GPx i 14 9% ¥ % , AChE #{ it % % 5, CAT
TR TG 2 AR I P 4R S RRAIK H AR R B K
FHRE FHAZINEE ), W 4EER VT R SV R 28
AFPHERAS S0 B VR 25 F R M Dl ge . anfer &
PR R B A e 24, Rl 2 A Ml 2B 7= K ™ 37 5
() B, ORI ek 20 %o g v A A5 PR B8 1 5 T A 1+
i — R

EIFAEZ B . 0 E22(1964—), B #4842 505, 42
TEREHFFREFAERY F L LR 28 TEER,
EAYPYLEFCMLTEERCERF IR T A AN E
FRERA RS HAD SRS TAESS,
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