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TEE: AT MEREET LN BT RN e LNERRBEFNE ELBELAHET XA L#
AEEERARTEFLEEHNOh ZHEM, B & T AR K E(10.0.50.0,
250.0 wg/L) 3 18 96 h J& 1 8 & 41 AT I | 48 o A8 A L 4 B {k B (SOD) 7 77, 7 — B (MDA)
EEURMALF LB ER a8 (AChE) & A R U, SEREFW, 20888 44 & iy 24 48
#2196 h B 2k E (LCy, ) 2% K 4.65 .3.4641 3. 17 mg/L, % AWK JE 4 0.317 mg/L, &4
JiriE AR AR OR L (10.0 pg/L) FE 15 3 2o 4 4 S AT EAn 88 41 42 SOD 78 1 R F A& (P <
0.05) ; [ & & & #+ 15 ,50. 0 £ 250. 0 wg/L & & 41 ff JiE SOD & 1 2 M % — % 3 0y 20 Z AL,
2 SOD E AWM EMMEN S - FF - MH S, MEFRERREK, L REAIEEH
JRREAn 48 21 28 MDA 2 B R At A S AChE E A XA N | e BRI H,
BERRT,ENOEGHEAREBENEFME, T4 96 h W&l dE kA IAE > £ FH%ME
Fl , % T SOD MDA |AChE #5 7 %t 3F #y & £ 8O- AF o, 7T LR E1E 7 & A & 4 R 38 = % 31
FREFLEPAREENNEE, WY RFERORF S BREE LSS,

KR B, FEOLRE(LC,,); BANN I (E (SOD); H —# (MDA); Z &t

e 7 fl B ( AChE)
hE4SES: X835; S917

3E ( phenanthrene , PHE ) J&—Fi BT ) 22 37 55
1225 (polycyclic aromatic hydrocarbons, PAHs) fk,
EY L) Z T B s AR AE KR R
Jubl BPRHAE Tl Bl A Tl A i R R ok s
FETEARAAR TR B Hh 1 43 At Ok B0z . HiR kA,
F ] [ 1) 1) B 28 T T /K S A DX 1R 2 23 /K rp oA )
FIEMHCEE O 24. 4 ng/L; I KR 5 ¥ 38 1 K 3R
JEEKH JE R R = ik 435. 0 ng/L; BRVL IR
KR 2K h AR o 101. 82 ng/L, ff
FEATH AR OB Y S8 2 A AR 2 A il T
M AT SRR i S A e A
Yy R IHAT A Wi A BUE Y R 02 15H - 3R
JIE(a) FER — B S = W A A SR Z
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FIRECLZRIE N T 15 L) 110 2 % 1T AUk AR, 7
hn b3 AR T Ak BB A TS el 3 T
VRSB A S R 52 BIAR KBRS , K™ i i AL
FRAAC S A ST IR E R T S PAHS
5L T A IR AR WO ], G A A Hi7E 85 P4 A
T8 55 K 3% ¥ S8 A 1 A i R S O A X
PAHSs & 8 B AR, ™ B ORI VE Ol PR 5T
ICAFFE AR I PR B MR B2 T JHE 2R B X i Sl v 7K
BEFRIE AP BRSO, BT B

LT 4B W8 ( Lutjanus erythopterus ) 2= ¥ [ 5 1
FARMG AR I T B A0 a2, AN RO
P | PRSI 22 B Ak AR, UK AR IR
BV FEEE AN Z — o AR o JE X 216 Y
AT/ AASALL e S, DA 5 X 32 1 £ 1) >F 5L
B e aExT 48 S L Y s AL g (SOD) |
W% (MDA) & i | CIEAH RS ( AChE ) 5 i Al
ST AR BRI, LA KR E TS et
TR T] BE A () BEBRAA 200, DA HEVE (28 10 {d B
FRIHFIPEAN SRRl 224

bR

1.1 ZIe#Hrs

TR R 3 7K TR W B B P ) S 3 U e
REIER KNS —1) 6 FIRLLEE WA 2k
Yy, HAR K R (4.15 £0.23) cm, (KT N (1.94 +
0.87) g, SLHZEar R HRAREAE 0.4 m 5 1. 2
m ZEBN 600 L By 37 B 15 £ . 2188 H i % 7
d, /K 1/2, F258 25 Bk 200 ~ 300 ind/m® , B[]
BB A IR A AR, SEE K I B
I, A UTTE M ITTIE A ug 5 i 1 VKSR BE Ry 34 ~
36,pH }y7.7~7.9,KiE N 22 ~25 C,

FE Ry o3 At Wy 55 [ Sigma 24 w), PR K
P sl W TN A2 iR 2 |, SOD, MDA |
AChE FI# 1 Bl s ) & 24 W B R o e A=
TR
1.2 24HEXW

SEREVESL I R T S Y B 5L IR 1, B P
24 h 7K — K, MR 408 TS B 45 SR AR RR ] R R 5
AR BELL[2. 00 2. 51 3.22 4.01 5. 02 mg/
L (Y EA Bhigs , AR <0.01% ) ], [F] B 152 P I %
W B 2 S PAT, B 10 B fa, gt
IR 5P 6 h WLESSCIG i 5 0 2 AF AR TR
ORI TE 12 .24 48 .72 196 h G S FISL T

O, S5 AE T A A
1.3 T2HHERE

RERE  HCHNEEEE, BN 2 &/
L AR TR 4 S M B MR S50 )5 15t 1O SE X 2168
R LU R E 10.0.50. 0.,250. 0 wg/L Fl
PRSI A DU, BRI HBCE P17,
BRI 30 JRLLBE T B4, 15 12 /NI 58 42 B 4 51
VR W BT R B ARG IR, B R E I
QRS EENip 2

2284 Ry 5] & Gy T ha G 12 .24
48 .96 h P\ 25 Ve B A BEHLIL 5 2%, TR I
I B DL K fa ik ZH 2, FH 0. 86% ¥4 A= B AR K ik
UE RGBS 198 1) Tris-HCT 22 1 (0. 01
mol/L Tris, 0. 25 mol/L #E ##, 0. 1 mmol/L
EDTA,pH 7.5) 43¢ ,6 000 r/min &[> 10 min
Je, ORISR A T A o S I E . AT
IR SIS ) Ry 1 A BRI B 53 H ool 109
[ (g) SRR (mL)

5B 36 A% 89 T SOD ., AChE {7 M
MDA i [ & 5 465 b Y4280 &l B v AT
SOD & X N4 Z w HLAUE H A 1| mL R
SOD il Z3k F) 50% i frXf B SOD 4y —>
SOD {if Jy B (U) T PRI 5 SR 8 R v S L Tl
2, 507y U/mg prot; MDA & >R FH AR AR 2 BE
MR (TBA) ¥, 87>y nmol/mg prot; AChE 5g %
F AR T HLUE A TE 37 CHHR 6 min, /K ]
AR 1 pmol B FT K 1 ANE S AL (U) , Hfih
U/mg prot; % H i i b 4 0 B 13 &,
iy mg/mL prot, FrAAEARIOGIEE A UV ~
7504 FOGHCERSNAT W60 T (YLIR4E N T
WA TR A ) E o
1.4 HiEAbE

FH Bliss 3 185 24 MERERE R LC,, s 00 A4 b 2
PEECE ] SPSS 13. 0 G it o #r, 45 R K- XME =
Pl 25 27 5 FH B DRI 3R J5 28 3 A i 43 i 38 5 |
22 5, 1 LSD 3t 4 [a) ki , P < 0. 05 B
BIRgIA N 22 5 3, TR IBLA 7 AR AR DG A 56

2 4k
2.1 FEXMOHEEFHHIAESHE

TR 2PEREPED R AR, WA ] ik
JEME TSI AETETT o X BRI SR £
TEEASZE S B P Uk sl PR | BB 6 A S B
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I (4N 2 T B ) SE AT R O B AR fE, 2. 00
mg/L JEWME T i KR 2% T 12K, B
BCESLWEUK, (HAIF LTS, 2. 51,3, 22 .4.01
mg/L 216 7 35 5 B 27 A, ) BE 9 T
ARG, R REDIRZS 24 h 5B F6T-,96 h
(FE T 243 51 M 30% .60% .60% . 5. 02 mg/L
TS TF IS 1 h 2 N Rk =4, 3
1E 2 h UG TFURIZEWET:, £ 24 h 30T,
F1 FEXMNLHEHEFHRE LC,ERI5S% BEERXIE

Tab.1 LC, value and 95% confidence interval of
L. erythropterus for PHE

Wk 5% EYE Py Lo 95% B (mg/L)
it (h) regression % 95% confidence
. . (mg/L) .
time equation interval
24 y=-2.12+10.66Lgx  4.65 4.15~5.27
48 y=1.20 +7.05Lgx 3.46 3.00 ~3.98
96 y=0.92 +8.14Lgx 3.17 2.77 ~3.60

Yy RAEFBEHR , x R (me/L)
Notes:y represent for lethality , X represent for exposure concentration
(mg/L).

XS 2155 T 9 %)) . 1) 24,48 96 h 1) LG, {H.
Ay 4.65.3.46 3.17 mg/L( 3 1), %4k E
AR SC =96 h LC,, x0. 1 IFRHFH], K
0.317 mg/L. A B4 o w28 i 7 4% LC,, 1)
KNG NRIRE e BE  ag AREEAVIEE 5 >S5 5R
( <1 mg/L K E,1 ~100 mg/L K&, 100 ~
1 000 mg/L 18,1 000 ~ 10 000 mg/L K1k
#, >10 000 mg/L AR LH) . wiLH
W, A S P AR X LB B 40 1k S R
2.2 IHEEEAXTIERNE RO L 2 1% 5 K

JEXFL0 %4 99 SOD & A 69 % vk AN [ e
FE R AEYIRES | L R 4141 SOD i J7 1 3 il 5% 175
SRk, B R BFRELL S SOD 35 S TEAR IR
(10.0 pg/L) F#HE I, IFEAE 24 .96 h i 5XF
WA B EPEZE 57 (P <0.05) 5 P ik 40 (50
250 pg/L) SOD i Jj 23l — 5 A2 bk 3,
Horr,250 we/L Ab PR AR fb i ol 255,12 h A4
il ik #] 75. 1% (P <0.01) , ZJ5,SOD i 7
BT R LB S, 96 h S5 IS R ROl
46.0% (P <0.01) , H 96 h i} & 4bFHZH SOD JF /1
ZAAFAE B DR — 8O0, P R R 2 M2k
LR =0.89, [ 2 H1,10.0 pg/L i T, 64
21 SOD 3 117846 55 R A9 AZ AL R AHARL , 5 X6 BR
H2EH W (P <0.05);50,250 pg/L Ab i
SOD i Jy AL N S B ] — 5 — il iy 4,

Hi 250 we/L 7 12 h BHH 545 45. 0% ,50
pe/L 7 48 h (i SR K 45.9% (P <0.05) ,

40+
O £50.0 pgL :
1100 p. #2500 pe/L N
~ *
& E 30 . . %i
S E & FE _I_i
- = % * i :
T E20} s :
[aR=] +
o g ¥
20
H3
Ealot
0 BN -7 N = H
24 48 96
BfE] /h
time
1 FEXF I EE S GAATAE SOD & TR

* FORAE A G X IR Z B 255 (P <0.05) , #x FIRk

BFERXRR(P<0.01), T,

Fig.1 Effects of phenanthrene on SOD activities in
livers of L. erythropterus

+ indicate significant difference between treatments with control

group (P < 0. 05), == indicate the difference is extremely

significant, the same below.

25}
OWEIX R §50.0 ug/L
£110.0 pg/L #250.0 ug/L
. 20¢p -
8
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2 S5t
<=z
RE
w1 g
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287
&=
stk
0 48
Al /h
time
2 FEXTLIEEHIHEIALN SOD iF RN

Fig.2 Effects of phenanthrene on SOD activities in
gills of L. erythropterus

FExtLr sk & 9 — @ (MDA) 42 89 %
o] 21 f 5 S T I FR 8 MDA 25 2 510 19 485 SR 43
SN 3 FNE 4 B, BE R EE T e s ] i) SE
£, MDA iy as, K3 4, JEa 12
h, &AL BRA SR IR o B 22 57, Z 5 1 24
h MDA 454 i, 96 h 45505 ,250 pe/L b
P2 MDA 58 X4, 79. 7% (P <0.01)
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K 4 P45 R R ,24 h e 5,10 250 pg/L b3
ZH B MDA 5 18 I 3 5 T X IRAL (P <0.05) , fifi
JHp3E B[R] ) ZE K, MDA 5 3t 3% 7 7,96 h B,
250 wg/L 4320 MDA & & 5 % B4 74. 6%
(P<0.01), HAA A MDA 7 & 2 [/ 7E 0 %
A7) — RLN

OWEXE 8500 ug/L
£110.0 ug/.  #™250.0 ug/L

*¥

MDA activity in liver

FFEMDA % 2( U/ mg)

24 - T
IS E /h
time
3 FEXNLAEEHHITAE MDA 800
Fig.3 Effects of phenanthrene on MDA contents in

livers of L. erythropterus

OWmERNE &50.0 ug/L
E110.0 ug/L. @ 250.0 ug/L

MDA F & ( U/ mg)
MDA activity in brain
a
E

B
W& /h
time
B4 FEXOEEHGIEE MDA S 210
Fig.4 Effects of phenanthrene on MDA contents in
gills of L. erythropterus

JE ALk % 9 fm 247 AChE & A 69 %
R0 X 2168 T B 2120 AChE T J 5% 0 1) 25 5
Wl 5 frsR, AChE 3% Jy A I 5t AT ok 3 i
Bf (] 8175 5 , o v B sl e ) e o oy e 4
FEALF 12 h J5,250 pe/L 21 AChE i Jy 7 i % i
20 28.7% (P <0.05) , 1 H 4% P 41 5 %) BE TG i 2%

2SR, ZJa, Rk E AT he5i5 5,48 h B, 10
pe/L At BE4] AChE 3% S 95 T 76. 0% (P <
0.01) . 96 h B 455}, £ 4 BE4] AChE 3 /11y
LT XS B (P <0. 05) , Iy B2 20 1 ) o5 e
R, 13, 1%, @ W FE A il R de s, b 71, 7%
(P<0.05), HA& M AChE {{f Jj Z [A] £ 7E Ak
FORE - BN LR, WE R LA, R =
0.99,

25
ORER R §50.0 ug/L
E110.0 ug/L H250.0 pg/L
B 20 -
5y
S E x
-~ g .- :
m Z %
58 i
<m 10 N,
X3
Eg\: <
dﬂ: 5 [
0

21 18
R T8] / h
time
B S FEXTLEEEGIRER Z BARREASERE S8R
Fig.5 Effects of phenanthrene on AChE activities in
brain of L. erythropterus

3 e

3.1 FEXTLIEEHEGRATAE K 83 SOD i& A1 R0
FELE ARG R A PR 2RI, vl 5 ) 8
R EHA RIWEE AT A FEDIRE , 16 £ 070
PERAL AR 3Tt B FE T AR X a2 B
FREH LA S BRI A R AP 7 AE AN NS E .
Hh AR R TR A P s 4 T SR L )
WG , T SOD X i A (Ll & W s E 2 7 05 18
X DU 295 e sl (9 A AR T L AR 2R
UESE, 2 A PR 52 SR B2 sl et b (1] JBfp 3 15, SOD
TEPEAEAE T, 17 52 3 v Vi B2 B B ] 36 B
SOD i 77 X 2 A 8% o0 KU 3 ok 40 X 5
( Hypophthalmichthy molitrix) 75 4L M8 )5 & P,
0.01.0.1.0.5 mg/L k¥ & Cd** X i 8 41 21
SOD #2i% F/EH ,1. 00 mg/L & He %} SOD 41
TlER o ARWFFEARMEELL (10 pwg/L) Wpia F 216k
R AR Z11Y SOD 5P AE 43 e ] # 4 F
SR 4, STEBBING %5 ANy , A Wy 1A 7 1K e
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BRI G, R%T B AR
W R IE (50,250 pe/L) AR BER, JHFIE SOD &
Fif 48 h B EART X I 4] 6 SOD 7 12 h it
P, 3K AT BB PR A 0 PR A ) E X A e AR T
PR, B AL 45 i 2 X0 24 i ™ o 1
JHIE SOD g PE7E 96 h 1 5 9515 5, #8 SOD %
PETE 48 h JhiE W IE4F I — A5, Z J5 il SOD
15 JI7E 96 h I8 4505 SO A, AT g Sk
WP AR NS T SOD By AL AE 1, 1 %
AN S RE 2 BRI O S T Y
R

H AT, & BLRES R S m BB 15 Qe R JE 1Y)
AR A SR A WS R ) R B A ) W
AR R Bl —, ARSI, 6 2L
SOD i Sy Ak 2R T IE, X F 22 i TEA]
FLE SR RE A [] , S W R 5 B T JHTJIPE 2 A 25
B FE A E o (HERZ12] SOD i Jj iUk
PET R, X R IAE 50,250 wg/L T HIE 178 24 h
I T i (eI PR SOD 3 1 i B 2 4 il ) |
XA RESE REY) S B B R TGS SOD 1y J A
{24 2 G I ] — 20 S, 3 e 1 A 25 s v 1Y
H,0, NRE S i bR i = A A 2R, 2L SOD i
32 B T B i A IE SOD 3 1 I 2 T
1R, 3% AT BE T RS R A A P i A B
JTFIE , 3435 1 SOD i 1T . A BFTE I, 41
g Y G ST G A Sy WD TS e A R
3.2 FEXSLAEEHEGEATAE R R MDA 2R

MDA R 5 i 5 ok A AE T 7= 9, B A=)
WERGZ VI ENE Rz —. Enz%" W
A IF Ca) AR IF (k) 5 & X HifL B D
( Chlamys farreri) {¥)Jifi8 K3, 25 AL PREH VK AL 15 3%
MDA 5 5 Bifi 5 B 8] 77 75, o e v B 4 6 ep
MDA A IR (ka4 ; 1 35 0125 B se ], 1
ik ( Rana nigromaculata) 78 12. 5 mg/L Cd ¥ &
HErE 20 d J5, FPIE MDA 28 B 35 = T IRA
ARSI EE R R W, S A6 th MDA X S [k 38 e
NEEEASHRBL, MDA 25 i 35 Fifi 45 3 Jhip 38 ok 32 110 48
I w2 T ESE T — W R R E R 5
RS T 68 1 68 0% i o o AR A KT 3 e, 7 A AR
i, It PR U2 B i R BEARBL, AF SRR
B], MDA fig 5 [l | 1% 25 1 o7 28 Bk 1R 5k ik s A% TR
S A B Shiff Gl , 5 B 7 1 , A R T 2 e
FREARR MR A R M, BB OR A0 L RE b iy 8 3, AT

o2 RS 2540 5 T e & AR AL, T EE I S oA
MAET=" . [, MDA £ 4 5 i i ) o 77 1
R F ] - 2OV O R, IFAEMNE 4 d 1K)
e, X TR 3 A W e A AL G 2R 40 3
W, 8 SOD % J 7EMMa 5 4 R (1) g R AR )
B 13k — i, T DR S R S 20 -3 AT Bifi SOD {5 77
B b T B 2 A5 A, G PR 2 T AR S v 21
B a2 20 ) e R R o EE R A B E R G
UK T, 300 2 20 88 455 B AR B T vk v AR 3E i
HER 0, XA 1 T — 20 e .
3.3 FEXAEEEEIRALR AChE & A
AChE 7EH X BAMNEA M & R G5 Ach ( 4T
JREK) 2k — S 5 et 48 — g s -l
PR ik 2 [B) Sl A HL O I A% 32, DR UE AT 205 5 AE A=
WA A 119 1F 3 1538 , BRI, ACRE. £ A 6 35 e
YR BA ML EEIERTEAR . — Bk, ik
20% L) 1= AChE g #l il nT A 2 B8 A A TE
50% AChE 1 i n] I\ Ay % #1426 77 A 16 3,
70% ~80% AChE g4 i Wl B0 T-, ARLE
1,96 h J5 JEXTLLEE G A EIE A, Bk EE
0 0 25 2 A T R R IR R R
T1.7% ), MM T A b ® L % o 96 h LCy, Hy
3.17 mg/L, AChE [ il 240 v] 2% [ A by JE e
FAF R Y4545 . DE LA TORRE 2™ s
RIRAAETS YK AR I ZH 20 AChE 1 il /8 FH A
2, AChE S i R, A A A] LA AChE K34 iR
BRI K A5 Ytk ol . BESE5 R, AChE §f J) 3%
IR Ay e B () AV R 3 T vy, A B ) 5 5 vk
BEM A T BRI Y a3, 3 [ T 8 1 A
( Carassius auratus ) %A 30 F 4 75 e + ek
LA IEEE—5, B %P N
R B — et ot f fix 20 21 AChE (1755 Al BE &
B Ry R 4 Nt 32 20900 5] J 1 2 BT BE T B 17 SR L
B — L S N o B T ) E K Bl vk B 1) T
151, AChE Jf J7 9l 41| , ¢ BH 21 668 1 65 i 41 21 32 3
PRI PR 22 T MG Rt T B 2 R I T MR R ol 1
BE A5G 7 5 30 A 2% #1453 14, AChE 3§ J) i i 5
LPO /KA 7 AN S8 v vl i S R 52
e B BUSOBR A BT R S SRR, X T i
JEHH T AChE [5G PE R BEAG, 45 0 22 LA X4 Ay 1%
P ACh MELARESfR , S BUVLIR R 42 R S8 2%
T R A A LR R ZE A, NI 5 R 8
ZE P TR AEFR ER T 206 1 6 4 45 4H 4
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TR, R e T AR LR A ) ) ) Bexg 3E 7 e f.( Branchydanio rerio) S5 47y Ky Bl S K
PRI, o33k i S5 e 00 ol Tl 0% 14 L BT A 0 — A AL TR A R2 R [T ] JE At R o 24 4
SRR A SR i PR U AL B B #ISEAR, 2010,46(1) 168 —67.
RO A S BB, g 10 IR RRA TR S AR () BT
FE(24 0) #5PAFIEC96 h) (A5 96 h (GRS e L LS
o PRSI RI RILBUS I 2 ETHE T ) S g, St (a0
Hj]‘ig 96 h Exﬁ ':F' *BTEF é}:%z LF@EEA% E@ﬁp %‘J o ( Carassius auratus) JFEPC AL [ T]. B
PR , 76 7 FH A SE g2 8 bR A R da s Ay A4k SRR Y2247 .2003,10(1) 188 —O1.
ST HEARE W5 R B HAT R () B, IEx = Fp AR [12] CHEUNG C C C,SIU W H L,RICHARDSON B J,
IS WREEE 8T, Wi i HoT Sk et al. Antioxidant responses to benzo [ a | pyrene and
Aroclor 1254 exposure in the green-lipped mussel,
S 23Tk Perna viridis [ J]. Environmental Pollution, 2004,
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Acute and chronic toxicity effects of phenanthrene in
seawater on crimson snapper ( Lutjanus erythropterus )

YANG Tao'?, CHEN Hai-gang', CAI Wen-gui', QIN Jie-fang'*, JIA Xiao-ping'*

(1. South China Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Key Laboratory of

Fishery Ecology Environment,Guangdong Province of China ,Key Field Scientific Experimental Station of
South China Fishery Resource and Environment ,Ministry of Agriculture ,Guangzhou 510300, China;

2. College of Marine Science ,Shanghai Ocean University ,Shanghai 201306 , China)

Abstract; Phenanthrene ( PHE ) is one of PAHs( polycyclic aromatic hydrocarbons ) and has toxic effects on
aquatic animals after being released into the natural water,and crimson snapper ( Lutjanus erythopterus)is one
of Osteichthys species and an important link of eco-system in south China sea. In order to understand the
toxic effects and mechanism of PHE on L. erythopterus,an acute semi-static toxic test was carried out, and
the oxidative stress relative indicators (activities of SOD and content of MDA in liver and gills, activities of
ACHE in brain) were investigated with crimson snapper ( L. erythropterus) exposed to phenanthrene with
different concentration(0,10.0,50.0,250 wg/L)for 96 h. The results showed that 24,48,96 h LC,, values
were 4. 65,3.46,3.17 mg/L ,respectively, and its safe concentration( SC) of PHE on crimson snapper was
0.317 mg/L. After being exposed for 96 h,SOD activities of the liver and gills followed an induced trend
with 10.0 pg/L exposured. it was inhibited firstly and then induced with 50.0 pg/L and 250 pg/L in the
liver ,however it was followed the inhibited-induced-inhibited trend of that in gills. The MDA content in the
liver and gills has been increasing with time passing, and this also illustrates that the injury degree rose.
AChHE activity in brain was induced when crimson snapper exposed to low phenanthrene concentration,
however inhibited when exposed to higher concentration and it illustrates that phenanthrene could do harm to
neurotransmission in fish brain. It is indicated that PHE has performed a higher toxic effect on L.
erythopterus ,SOD, AChE activities and MDA contents are probable for being the bio-indicators to the
phenanthrene pollution because of their higher sensitivities, and could provide information about monitoring
and managing of fishery resources.
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