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Bioaccumulation of pheneolic endocrine disrupting chemicals
in the plasma of wild fish from Yangtze River, China
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Abstract: Endocrine disrupting chemicals ( EDCs) are ubiquitous contaminants in surface water,
and they may be accumulated by aquatic organisms, posing potential threats to ecosystem and human
health. In this study, occurrence and bioaccumulation of five phenolic EDCs, including bisphenol A
(BPA) , 4-tert-octylphenol (4-t-OP) , estrone (E1), 17B-estradiol (E2) and 17a-ethinylestradiol
(EE2) , were investigated in the surface water and plasma of wild fish collected from the middle and
lower reaches of the Yangtze River, China. And a fish plasma model for the estimation of BAF

(Bioaccumulation factor) was selected to compare the predicted value with the measured plasma
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BAF. The results indicated that BPA, 4-t-OP and E1 were the frequently detected pollutants in the
river, with the detection rates higher than 50% in both surface water and fish plasma, while E2 and
EE2 were detected at relatively lower frequencies and levels. The detection rates and concentrations
level for the five phenolic EDCs followed the order; BPA > 4-t-OP > E1 > E2 and EE2, with the
maximum concentrations of 99.7, 22.3, 2.47 ng-L™", ND (not detected) and ND in water, and
172, 91.5, 21.1, 5.34, 5.90 ng-mL™" in fish plasma, respectively. The detected log BAF values for
BPA, 4-;-OP and E1 were in the range of 2.29—4.20, 3.18—4.18 and 3.29—3.75, respectively,
indicating strong bioaccumulation ability of these EDCs in fish plasma. Compared with the modeling
results, the measured log BAF values were significantly higher than the predicted log BAF. This
difference may be due to the factors such as hypothesis of the fish plasma model, water temperature,
dissolved oxygen and so on. The results of this study contribute to better understanding of the
bioaccumulation of the phenolic EDCs in fish from the middle and lower reaches of Yangtze River,
which can support the risk assessment and management for these compounds.

Keywords : endocrine disrupting chemicals, wild fish, bioaccumulation factor, the middle and lower

reaches of the Yangize River

N+ HE%) (endocrine disrupting chemicals, EDCs) X FRIFEE 3 25 B B AR E %00 e T4k
NP N3 W R G H I RE 32 2072 K EDCs 3 W Rk 2 Fh 28, RZ AT &
BARAA S TSR/ A B 3R FAE Y R S EAT N i T3 s TR 28 EDCs A 4% XL A (BPA) |
VAW (4-1-OP) MERR (E1) (17B-ME M (E2) FUKMERE (EE2) 45 T E A B i R I v, &5 32 0
FENBURIR AR SETE O B 28 EDCs mld e A 7 HEME /K B el 5 2 Alag R ik AK 35 T H
85 7K A B T 25 S A X 5 BT Y 1) 25 Bk, W 28 BDCs 125 BRACRAT R, DR T /K A 3 Bk I
PEATK RS B fie B ELR AR T R IR P AE IR S K B 28 EDCs gl BEXT A SR AE 25 22 45 v il
AFNFE M FSL 5 Yt A W R 4 £ FE VAT RS R AR MR Y R SRR A OGP TR
EDCs WAEY) & 4 HET A o0, th TS0 ISR Wit A JE RN E1 E2 1 EE2 45 & 2t bl
[ 8 S5 188, WA Y2 EDCs A8 TE b b 9 A 280 0 10 26 9 s B2 T B ') Huang 2617 B 58 & 31 4-1-OP
Al BPA fEfARA R LU 0 A A T 22 55 P rp & i iy, BB LA T e 2D B3 28 EDCs 78 H AR
A N AAT AN [R) AR B ) 5 4R < 4-0-0P RN T3 /E 5 20 & AR F2 FE i i, Tl BPA (E1 Fl E2 76X R AR Y 1Y) &
BERARZ AT AR SRS A B LAY RIS 9 5 (An 259 ) AR 3h Jy 2 i g ik o0 s g
WFFE 5 YL A fo R i R0 & 86, — O 1T T LA SITAL V5 e 0 i AR s S, o5 — il LS AR A L
S AL LA DA TATEE 4 08T (4 PPN P o R A A TR

KA R E S — HFEE =, T & s i R WL VLR B AE 11 MR R E R, 2K
6300 4% km, JiLIRHT AL 1.8%10° km®. i FR LA Pl IX A %5 4P &Ik, KR LA B sk kb BN
SEAIN T A AR 3 T 7K B B A 2 HE A KR X VK A A5 PR B 1 s 76 /5 3. KR e R
KITHRBE Z 22 EDCs A5 4 (HE TS EDCs 7R K TR A A YR N A & SR 00, 45 3 R 7
AR L2 A 5 I A A

ARG 1 O T P AR B 4 i f R VP R liF M X, PR T 5 FP Y28 EDCs ( BPA (4-t-OP (E1 E2 Al
EE2) 7 i 3 /KR 048 110 2% Hp (8 25 K, 943 B o 3155 R R F 0 - B 4B 78 1T 5 Rl EDCs 75 {4 Ifi
PR E R R IT R IER EDCs #0928 25 XU A R AL 3.

1 #BS 5 ( Materials and methods)

1.1 R XA S A R B

3 2013 4F 7 H (EAKID) A1 H (KK ZE R VTR R e 5 2547 PR f R AR .4 SRR S
C1.C2.C3 1 C4 s3I FEE 2R i 5 ARV (1) AR A BRI 7 B A5 BRUK iS5 1
F7Rs.
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[ZI 5] Legends %ﬁﬂ:
® SRFEE Sampling site C3 Zhenjiang
320N | ~~ 3 River f};/\"’we’
* ki City Kit Epss
A i Lake Yangtze River Nanjing
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Fig.1 Study area and sampling sites in the middle and lower reaches of the Yangtze River

SRAERE AL FE K REFNARE K FEYITE KT 29 0.5 m AbRAE A RFE S 3 M PATRE, B T T
B 1 L AR ORI, KBTS E 53 00 5E pH | HL S 32 s i 40U , SEED A 400 pL 4 mol-L™" H,S0,
PAT pHAEZE 3, IF A 50 mL S 1400 il 35l 26 P 6 B 0 (40005 R 45 SR A A 380 5 AN ME A — 1y AN n
H, SO, FTHIEERY/KHE I COD (b2 i) T U 8 COD. /K AR Ia BISE 30 % 5 T 4 C YR PEORAE, IFAE
48 h PN 5T BUHT AL 3. A S 38 e R T A O T TR EEINA D (TSI AR A s kb K ) 15 35 12 7]
SEUG A AR SR E N = R R A KR £ 18 H A ER EE ( Tricaine_methanesulfonate , MS-222) X 3E 77 R
AL B IEA ) TS R P R A (1000 U-mL ") EYE 5 mL 5T 2%, 76 0 0 J2 # k Ad 3 B v
F 1.5 mL B0, 10000 remin™ 55 T B0 10 min )RR (BIAEALS) FERL T80 °C R IR,

PIUCREEILYAE 36 4% fi, P IS A0 455 g #0 Wil f Wi fr Gk (o o i fa RSk X B £ 21 AR 6
9 F. 3R 10 5% 1A RAE RUBUR BRI PRARME B (R B0 S i ) 2% I8 BN BRI K AR vh #0280 2l 193
AT B, PR e X Fa R DR U, — AN SR SRS B 15 1 LA A A o 114 Ji] BRI /K R IX 3.

1.2 HEshab

SRAE 14 b KR A8 I ERE A AR FH [ RR A B0 2 R A v TR e TR EA T4 L.

PERAER) 1 L KRR B 3 21 4 3% 5 ( Whatman GF/F, 0.7 pwm A ZLFLAE) , LA 100 ng A W5
(BPA-d16 E1-d4 F1 E2-d4 ). [F A AU ( Waters Oasis HLB cartridges, 500 mg/6 mL) 4351 Ff] 10 mL F 5
F110 mL Milli-Q K#EATH64L, SRIGFEM LA 5—10 mL-min™ (W BGEAE. 25 1 50 mL % 5% W Y 7K %5
T EVERE SO Y, AL T (2 h) JE MU 7 mL R 5 mL S W BT H AR AT VR A O EUE
W, IR Z A T, 001 mL 2, 3 0.22 pm A HUHBER G #4522 2 mL AZ /N, F-18 TR
£ AR

W50 pL i, 265 A 10 ng 1RG4 (BPA-d16 E1-d4 Fl E2-d4, 7% T 0.2 mol - L™ 2R - 2. IR EH 2%
YA, pH=5.0) A1 10 L ¥ EEA 10000 U~ mL ™" fY B % B i 1 1/ 5 S5 Ak 1 1 0 7 Y R R R T
37 CHEIRA T, B 4 h FREAE SR E WA 500 pl ZHEEIR (& 1% B8, V/V) 1Y Captiva iR 5
Eeh WRIE 20 s (I B RS AE ZRETEF FULEE™))  SRIG N E 45 (30—40 kPa) , [AlH 10 mIL 3%
B AR VR VR ( SIS R 1 SR I 3k 5 25 DA U A R 3 S HE R R B AE Captiva™ 350 A ) . BN
200 pLZEEB (5 1% L8R, V/V) wh kil 45 BE 5% B AR L. AR TR, TR PR & . 8L
200 WL FERE S, LL 10000 remin™ 7 3B 0 5 min, B VE R 2 & NATE I 2 mL AR E/NET, T
=20 CHRAE, F7.

1.3 AR5 HT

FH UPLC-MS/MS ( Agilent 1200 = 20RA (4 1% 13- Agilent 6460 = PUMLFT FIEAL , EST J50) I & H b5

P& i AR €35 4 Zorbax SB-C18(100 mmx3 mm, 1.8 pm) , FER4EFFTE 40 C, HAEARR N
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10 pL.Ji s AHA (A)0.4 mmol - L™ AL Z /KA AN (B) N6, Tk 0.4 mL - min™" 455550 B Ry b6 B2 1R .
WITGTREhAH } 85% A F1115% B, %35 2.5 min " 60% A F140% B, %5 6 min 7 35% A #165% B, %5 7 min N
5% A 195% B, P-FFE S min B S5 SR 5 min S 50HT T ANRE S ASGHE & B0 2 BEAEE 5 TR I 1E) A
17 min. BTiE AT E A EST 688 A8, DL 2 5 s W Wil ( MRMD) #5206 B AR P 647 5 £ 53 A, T
AR TR 6 Leomin™' IR 350 °C 5 5L (AS) FEJI28 50 psi; B9 A) W12 Lomin ™',
TR 350 °C 5 BN HLE A 2500 V.45 HARY A A FR 04 2635/ BTk i S 48003 2 .

2 WMWY SO BR Y SAAS S UPLC-MS/MS 24
Table 2 Basic information and UPLC—-MS/MS parameters for the phenolic EDCs and internal standards

i R jEAL e i 58 i
cﬁﬁﬁ ’ Méjjcir CAS Number lg K, [0 pK 7% ifeimjig Prﬁiion deiins Frgjnﬁeﬁn;r cmflﬁi:
weight time/min voltage/V energy/V
BPA 228 80-05-07 3.32 9.60, 10.2 6.609 227.1 212.1/133.1 127 13/21
4-t-0P 206 140-66-9 4.12 10.33 9.365 205.3 133.2/117.0 111 21/45
El 270 53-16-7 3.43 10.3—10.8 7.630 269.0 145.1/143.1 148 33/57
E2 272 50-28-2 3.94 10.5—10.7 6.973 271.0 183.0/145.0 204 33/30
EE2 296 57-63-6 4.15 10.5 7.337 295.0 145.0/159.0 170 38/34
P45 Internal standards
BPA-d16 244 96210-87-6 6.547 241.0 2232 142 13
El-d4 274 53866-34-5 7.612 273.0 147.2 168 37
E2-d4 276 66789-03-5 6.940 275.0 187.0 219 25

K., SFEEVKBLREL pKa, B RELK,,, the octanol-water partition coefficient; pKa, “acidity constant.

L4 TP S TR T
ST BT TP 4 A 5 R R 2R, 2o RO 2 R S, 45 4 IR I K R
SO B BRI 5K 085 0y 1 T S R S (12 4 ) 94— 25 11 (TR T ST
FUTHERE (100 pg- L™ (RIBRUER D) 176 20 HF LUK AT 505 Y X AR A
e LCRE 5 1 04 51 S 5 SR A e b 0 00 I RESIEAT T 3 AR I e B KT (20,100,
200 ng-mL™") AANAR , AR o LA ARG
e (o) o PR EESEILE — 25 PR RSTIEIE

TFRe
SR 5T AR
%ﬁﬁﬁﬁ%i%%ﬁ_qxum

(%) = (g
Horp FFOIMARRE SElvA R () FRERVRE YA 200 ng-mL ™47 a>0, Frn FE IR ALY ; a<0, FR
LA A O A B BE I (RS 7 £ i 3R L 23 0 LA 3 AR MR L RN 10 A543 MR LE 3153 0 s A PR
(Method detection limit, MDL) 5 % & R ( Method quantification limit, MQL).
1.5 AEWE RN 5 A Y) s 5 R T A
A AAE I 22 Rh IR BE B BRI AR WIS Y ) B 3 FERR R A ) B 4 ( Bioaccumulation) M 32 EDCs 7E
a2 Y SRR W] A & 46 H F ( Bioaccumulation factor, BAF) 7R .

plasma

BAF= x1000

w

N, C e A T EDCs MUK (ng-mL™") | C, i RK HAIR 2 EDCs BRI (ng-L7").
S EAE KA B R AL (K, ) T BAF R JA], Tanoue 25> Hz 3l iy (14 115K BAF FII AR A 1A
F 5 YT AR N & R KA K A5G I 5358 pH A5G, IR R
1gBAF ;5 =lg [(10°7"") x0.16+0.84]
Hor, D, % pH AZIE 5 A IE S FE- K A0 Fe 2880, B pH MG IE 2 B — /K A iic 280D, ik an 7,
Fion = e X107
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1K\ o> 18K ety —3-5
D, = f et XK o Crentrat> oo XK Gion>
H S e TORAFE pH S T AL G W E 75 5 A& A0S 1 L0505 105 Y0 IR s
PEA G, VLS P B EAL S I - 15K,, o T K, ey 7R ERE pH 20T BT BMAY
PSS WX K, .

2 R 5118 (Results and discussion)

2.1 JriEEE

JKAEFR S EDCs WIINARHE E A 100 ng- L', 42 UPLC-MS/MS |75 BPA 4-1-OP \E1 E2 F1 EE2 fY
[N 510K 103% 1% 75% +4% 96% +5% . 145% +5% Fl 96% +3% , J5 46 1 BR 43512 0.11,0.40
0.42.,0.24 ,0.60 ng- L™, Jrik g & FR 435124 0.37 ,1.00,0.90 ,0.80 ,1.21 ng-L™".

fii ] UPLC-MS/MS A1 f I RE 5 R3S EDCs 11 1R 35 R0 4G HH PR R SRR U35 3 Fr
7 JIFRHERE H9 20 100,200 ng-mL ™" I, 5 25 EDCs - 2 [0SR 38 Bl 4353 4 67%—115% 77 %—
118% 1 85%—116%.%1 T E1 E2 Fl EE2, = e BE AR (4 [0 5032 AR v B 4 R AR, 3 S b e 2
5 Flv B ARP G NSRS AR AT 422 L . B BPA Ah, Ay 4 R 28 EDCs 7 fh A 35 rh 245 52 30 5 541 )
YERT AR /N (=10% 2 - 1% 2 [1]) .BPA 523 5L BT 388500 (32.98% )5 B B AR A H PR AN 5 B
435124 0.03—0.32.,0.09—1.05 ng-mL™".

SNSRI, Ao B T R SRR T R b KA AR 5 RS EDCs A FR ORI E .

&3 UPLC-MS/MS ZpHr il 2 EDCs RIS JE T A Y R E ek B
Table 3 Recoveries, matrix effects and method detection and quantification limits of the

phenolic EDCs in fish plasma samples by UPLC-MS/MS

T2 Recoveri — R RR FE R
o Jis EISCR Recoveries/ % SN “J/ID]/ Ma/
Matrix effect/9
Compound 20 ng-mL""! 100 ng- L. ! 200 ng-mL™! atrix effect/% (ng-mL™") (ng-mL™")

BPA 10911 118+16 11617 32.98 0.14 0.45
44-0P 11544 78413 11625 -1.7 0.03 0.09
El 8210 815 8540.8 -9 0.20 0.68
2 67412 77+4 8816 -5 0.32 1.05
EE2 6848 97+8 1038 -4 0.24 0.80

2.2 WEAKFREZEEDCs B R

KAILA T iF MR IK T SR 28 EDCs B IAR S M FRIE QSR 4 FroR.5 A H AR P34 3 Fh. BPA |
4-1-OPFI E1, K H HOPE B AR 4D T HAR KO it BPA Fld--OPTEF: A/KI T A RAE S A K Feo kg
FE43 315K 99.7 ng- L7 M1 22.3 ng- L™, E1 {UHE F /KB 2 /K P A 843K v B89 [l ND (R A 1)
~2.47 ng- L' A K RE E R A Y B2 Fl EE2.5 Ff EDCs 75 1 287K F A~ 25 & K R 21/ NS IR YR
4 :BPA > 4--OP > E1 > E2 EE2, KT H FiEHBIX 52 BPA Fl4-1-OP {5 Y4 HiAth 3 Ff EDCs J™ .

Mk ok b 5 K EDCs ARIHIRL ST (2 4 AN 2) 170, k301 (2013 4F 7 H ) 4 Bk i sl
A K (2013 4F 11 A ). HAR R BUAE . BPA 76 3 Rk ) & 2 A AT, HOFE Y E 4508 29.9,
29.8 ng- L™ ;4-t-OPTERG /KA A B B WS T 32 K009 10 B ACHE Fok A HG Hy  (H R IR ok B2 AR, P S5
112 ng- L NZS [R5, AL F U R B s MR TT(C2 .C3 1 C4 ) HbgoK i 5 Flis Jed it
BEWREE (C1 ) &, WS TR S Pl XAk T o4 60,

BPA Fll4--OP J2& SURHAS A0 A1 2 1 2 G R 700 00 36 2 0, BRI R 22 R Tl ARl ; AR e
PE E1 R E2 8 ARSI H g HEM A T BE2 2 O IREEZ2 25 5 24 IR, AR EE BT E2 AN
EE2, 1327K H BPA Fl4-1-OP (1) = B A6 54 V0 R i b DX 3k 08 b T 7 Mk 286 N AT 3 % L [ P9 K
WEEH EDCs WRFSY , KV b 2K sh 28 EDCs 197 &5 3% [ FIER VT, Scheldt 1] ( FE AR ) |
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Venice lagoon (5 K ) Z b Fe /K B H M BE e Ry 23 7 24 % (HI AR T 3R T N 45 97 | Yeongsan
F1 Seomjin 7] (i [E )  Muko 1] ( H 4%) S TKAR B A H K ST 2, A HE A X ECE T 2T
ng- L7 AR H R VT R ROk SZ 8 28 EDCs 1975 JLARXS 8052

x4 KPRk AN T B AR EDCs 194310 4#1E
Table 4 Distribution of the target EDCs in river water and fish plasma samples from

the middle and lower reaches of the Yangize River

FIKH Wet season 7K Dry season
e RIE e R LA e FE VI
Cor: pounds Deit:acltion Con(jntration T A D;Ltecltion Cnn(:ntration T i
) ) Mean Median o ) Mean Median
rate range rate range
AR Water/ (ng-17")
BPA 100% 11.5—99.7 29.9 23.2 100% 5.71—60.6 29.8 25.6
4-1-OP 100% 5.10—22.3 10.2 8.06 100% 1.64—2.86 2.04 2.10
El 75% ND—2.47 1.12 0.94 0% ND ND ND
E2 0% ND ND ND 0% ND ND ND
EE2 0% ND ND ND 0% ND ND ND
13K plasma/ (ng-mL™")
BPA 100% 9.10—37.6 19.1 18.9 100% 7.41-+172 42.2 37.5
4-1-OP 100% 11.1—91.5 40.2 36.5 100% 6:52—20.1 13.8 13.9
E1l 100% 3.31—4.50 3.53 3.42 100% 3.24—21.1 4.46 3.49
E2 19% ND—5.34 2.55 1.78 0% ND ND ND
EE2 6% ND—5.90 5.90 ND 5% ND—1.95 1.95 ND
ND, & ﬁ‘?ﬂj.ND, not detected.
— Wet season % 431:% b 60F  Dry season
80 - KN El

= I:l E2 = L

LT S EE2 L, 40

g 40 | 2

=t S 20r

2 20 - E E Z

£ m 2 B 5 -

: £ of

8 2F 3

el 5

gL g

= =

0 0
C1 C2 C3 C4
Sampling sites Sampling sites

B2 KILH FpRK IR EDCs 1Ry oA

Fig.2 Spatiotemporal variations of five EDCs in surface water of the middle and lower reaches of the Yangtze River

2.3 M35 EDCs FE AR I K i & it

W25 EDCs fE KT FIE AR M2 i AR RAE NS 4 iR o] LI L5 Fi2E EDCs R R ITHRF
e R A M b A S [ R B B 4G . o rp BPA (4--OP Fl E1 194G H R34 5 100% , 5% i e B 49 30k 172
91.5.21.1 ng-mL™", iW5 44 BPA 4-t-OPF1 E1 FEA VL il f 44 1l 3% o3 3 4776 5 1T E2 A EE2 45
HERIE T 50% , o JE 35 Fl 53051 ND—5.34 ng-mL ™' Al ND—5.90 ng-mL ™" [13¢ HF 5 Fh32E EDCs 1
Frm e RN 5 iR K —3L, B BPA > 4--OP > E1 > E2 EE2.

5 Flt EDCs FEA VLA R E 4 AN SRAFE AL AR I 19 25 0] 3 A0 2R 45 23 A an 8] 3 o, i % BPA &
HEAER K] CEYE N 42.2 ng-mL ™) B EKIACEHME N 19.1 ng-mL™") &, i TR ANREE LA A E
P ELAE G = A0 2 TR AR )RR IREE AR A 1) SR TR, Tk 2B R 2R 3445 AT BERY IR I 2K BPA
MR B | DRI AE VA B i — 2D AR SR B 55 ARMEZS il BPA ZE795 40 25 S 1 D) SRR 5 i 4-0-OP
PIZET A I8 DL Z A B, A KRN =E 7K A ) 34 543 501k 13.8,40.2 ng-mL ™" 3X 54--OPFE KA1
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Fig.3 Spatiotemporal variations of five EDCs in fish plasma of the:middle and lower reaches of the Yangize River
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0103 PR AR R A K, RV 1g BAF {4350 4.20 1 4,18, E1 W7E C3 45 (7 50 ) B2 4010 o 5 AR AL
&K, H 1g BAF 2 3. 75 58 XA RN b S 80N & L R 7E (A i 3% rb i) 4R A BE AR B/ N R 2 4-6-0P >
El > BPA.
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3.70) B k. NS SA(E AT TRz 5T £ 2 IR E1(lg BAF:3.51,3.59) Fl4-1-OP (lg BAF:3.73,3.84) 435l
A Y o RN T RE LR e SE R0 5 T BPA 1 1g BAF SEXE AT 7 80578 3 LR BIAE K KIiTh T
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APPSR S L. AR T Y I BAF ARSI R BE 4 AT 0 75 3 S R 3R, SO ME PR S -5 S D
Z AR 2 5 i S e B — 0 N 35 Qe ) A 1 e R R Wi R R A IS

RS KICH TR P2 EDCs (9 1g BAF 5
Table 5 lg BAF values of the phenolic EDCs in fish plasma samples
from the middle and lower reaches of the Yangtze River

lg BAF SZi{f

Measured plasma lg BAF lg BAF
oy - 82 PN =R ALY BRI HE(E
Compound K = Ja SEE v i 18 ol 1 A7 Calculated plasma
Number of . . .
. Range Mean Median Species and sites for lg BAF
detection .
maximum value
BPA 36 2.29—4.20 2.91 2.86 fifift (C2) 1.63
4-4-0P 36 3.18—4.18 3.73 3.84 i £1.( C2) 2.21
El 13 3.29—3.75 3.51 3.59 it (C3) 1.72
E2 0 ND ND ND ND
EE2 0 ND ND ND ND

ND, FeH Y not detected.

3 %518 ( Conclusion)

(D) ARWFFEESL TIR A RIVIIE-UPLC-MS/MS ¥ Rl M a4 il 2% vh 5 FPi 28 EDCs 1953 5k
For i BR A E BRI ST 1.0 ng-mL™ I DS el , W AR AR b 5 28 EDCs IR BE ST

(2)5 IS EDCs 7ERTTH T i3 KRN o R L% Fh 247 A TR R B8 ARG H A Hh A1 23 R e J5E D
FURAR N BPA > 4-1-0P > E1 > E2 EE2. 4L EL E2 FTEE2 , KITH Fii#52 BPA F14-1-OPT5 4Lkl
FEEE VY R E A AR TR HE T S0 R

(3)BPA 4-t-OPHI E1 (1) 1g BAF {HGHILE 2.290—4.20 2 [] , 230 1A [6) P2 B8 9 20 1 B 42 W ik, o )
JE4--OP B A BRI LE Y & B RE 1, B4 T — I T,

ZRA UL LW R KU R A AR AR T 5 B 2E EDCs (975 YL KA A, 10 25 18 21 2 b
20 N O PGE K R, 525 EDGs J5IE N B Ui A KA, o REFE fa iR N Rrst B, B — @ T e XU
AN R ISR 2 EDCs i & FE AU R PPAl A e 2 o A R B AL T AR IRk, A
B 2 EDCs FE A RS AL 2L 70 A R AR AR, S A & 2 R, PR 2R 0 A (AR (R
AU
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