N A S 2011487 H 228 57
Chinese Journal of Applied Ecology, Jul. 2011,22(7) . 1878-1884

PEZ

EF'Eé:TEEX\ FRR s

FERE | KFRRm

%/ g 12
L‘_‘I

BRI EXE B AT RRT

(" KIS B R WK RIS T AR AR M A S PR S S =R/ R Ml e 96 v 9 U PR AR U I S5
T7HI 5103005 2 EIETERFG RS, B 201306)
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ﬂmmaﬁ%éﬁﬁ%%mﬁ@%%%&k%smeﬂmamcmvﬁ%ﬁLﬂkumnm
F(LLMDA & BRT) MNP H UAZHEEERBINAFETERKTERENE LR EMIEFN
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Effects of di-n-butyl phthalate on the antioxidant enzyme activities and lipid peroxidation
level of Perna viridis. QIN Jie-fang'>, CHEN Hai-gang'”*, CAI Wen-gui', YANG Tao'*, JIA Xi-
ao-ping' (' Guangdong Province Key Laboratory of Fishery Ecology Environment/ Ministry of Agri-
culture Key Field Scientific Experimental Station of South China Fishery Resource and Environment
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou
510300, China; >College of Marine Science, Shanghai Ocean University, Shanghai 201306,
China). -Chin. J. Appl. Ecol. ,2011,22(7) . 1878-1884.

Abstract: A laboratory experiment was conducted to examine the superoxide dismutase (SOD) and
catalase (CAT) activities and the lipid peroxidation ( LPO) level presented by malondialdehyde
(MDA ) in visceral mass and mantle of green mussel ( Perna wviridis) after exposure to
0.5- 62.5 mg + L™ of di-n-butyl phthalate (DBP) for 15 days, and to study the change character-
istics of these biochemical indicators after the green mussel released into DBP-free seawater for 10
days. During exposure period, the SOD activity in visceral mass was inhibited first and then
reached the level of the control at 0.5 and 2.5 mg + L' of DBP, but inhibited significantly (P<
0.01) at 12.5 and 62.5 mg + L' of DBP. The CAT activity in visceral mass was inhibited at all
test concentrations of DBP | while the LPO level was obviously induced. During the chronic DBP ex-
posure, the SOD and CAT activities in the mantle were induced significantly but had no regular pat-
tern, and the LPO level was also obviously induced. After the exposed green mussel was released
into clean seawater, the SOD and CAT activities in the visceral mass in 12.5 and

62.5 mg DBP « L' groups recovered much slowly, but the LPO level gradually recovered to control
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level. During the recovery period, the SOD activity in the mantle showed an increasing trend with
time, but the CAT activity and LPO level reached gradually to the level of the control.

Key words: di-n-butyl phthalate ( DBP); Perna viridis; superoxide dismutase (SOD) ; catalase
(CAT) ; malondialdehyde (MDA) ; lipid peroxidation ( LPO).
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22—, PAEs 1F 1 99 550 76 3 [ il i o K 4P
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12.5 F1 62.5 mg - L™ L K i 590 %F B8 21 (1 i
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0.5 mg « L' ¥REH FEMERT 4 d SOD i M52 31 8.
FPH (P<0.05) ,8 d FFhR YK B % B 41K - 2]
HE S5 ;2.5 mg - LT WRBELL AR TIE FT 4 d #5322
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5510 K I 2 A%, OF H Az 21 614E 5 DBP i
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W EEZH B4 3 44. 6% .
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F(P<0.01) ;4 d F18 d A £5 ¥ i 21 78 X BR 41 /K
W Wil 15 d 454 40 SOD 5% BRAH Ho bl i 2 T+
m(P<0.01, ® 1b). AT LA H,0.5,12.5 Fl
62.5 mg - L~ l{i%r“éﬂﬁﬁ SOD 1% 75 DBP fifn F 3%
PRS2 I BEAR, T J5 B T 52,5 mg - LT
JEEZH D) — L X R B2 DBP e g i b A -
RN R FR A .
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Fig.1 Changes of SOD activity in visceral mass and mantle of
Perna viridis exposed to DBP ( mean+SD).

a) WHER] Visceral mass; b) SMEME Mantle; CK: X Control.  # P<

0.05; * * P<0.01. I . Bl Recovery time. F[A] The same below.
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WPELH CAT 35 PERR 2.5 mg - L™ e JE LA AMER 11K
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DBP [}if 15 d i 2 v 2 Bk 0 -5 - ], 2 0
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4. DBP X35 2206 DU AR IAT CAT 9 52 ) 2L A 5B dd
(AR T35 17 2 28, K 3 A9 DBP B afd K 30 1l CAT
.
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2.5 mg - L7k B YK B X BRAKSE 120 51
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Fig.2 Changes of CAT activity in visceral mass and mantle of

Perna viridis exposed to DBP (mean+SD).

62.5 mg - L~ VR4 AR 8 35 AKX B (P<0. 01).
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DBP {5 Qe b T3 i K R AL s, 35 320
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Perna viridis exposed to DBP ( mean+SD).
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AU B A ARG DL N E AT g MDA 5 i 34 A R [
FEEE RGN A B, LA PEAS B k. 5 %) A
[,0.5d J50.5 mg + L ¥RBEA] MDA & 0l B & Tt
1 (P<0.01) , Hofth v B 41 TG i 2% 48 AL sl AR 1 %o B
1d/50.52.5M12.5 mg - L' ¥REFL MDA & &
T (P<0.05),62.5 mg « L' E4 o g & A8
162 d JG AR EE L MDA & AKX R 4 d J5 X
BETE (P<0.05) ;8 d J51X 12.5 F162.5 mg + L™
WEEZH MDA 5 82 0 2 5 T X0 BB 8 15 d B4
FEZH MDA 0.5 mg - L WM B E S T
XTHR (P<0.01). A W, DBP A3 F 55 2R 0 01 gy Uk [
LPO 7K B T+, ook A it 0 BH S (EL 3 sl Pk oK
Fis ] -0 07 AR 551 S -2 g AN B i

DBP Jirif i BRI T WK AR g b 5 | 35 32 R
DUPAER MDA 5 5 T B, 12050 25 3B Pk &2 31 541X
TXF BEKF-. 3R DBP JPhif i BR 35 5 06 D19 ik 1A

LPO /KT A2 3 1E
2.3.2 /hEE LPO /K 4nlEl 3b fiix, DBP Jiid

0.5 d F 504 D ANEE MDA &8 304 1 B8k,
DBP JiiE 1 d J5 5 XFREAH L A2 12,5 mg « L7 ¥R
41 MDA & 5 3 THE (P<0.01) |, Hof ik B2 40 1
B A, DBP A2 d 4 dJ5 0.5 2.5 mg - L'
JELH MDA 5 8 3 5 T X IR (P<0.05) , Hoflvk &
LA ) R sl JC i 2 A8 4k ; DBP 1riE 8 d J5 0.5,
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12.5 F162.5 mg - L™ FEZH MDA 5 &0 1o 3
TXFHR(P<0.01) ;15 d J5,2.5 f112.5 mg - L7
JEZ MDA & 5405 i 2 5 T X B (P <0.05). & W]
DBP it v 8] i 2 4 = T 35 R G DUAME Y LPO
IO S5 7 5 5 (B8 IS 8 LPO ZKFREAIG, 4
P TR B A%

DBP V5 Y it bR IE T KR gk 2 d, 5 X
ML ,2.5.12.5 F162.5 mg - L' MR 4] MDA %
A B E T L5 d.10 d B4 MDA & & Bk
SRR RK T, R W35 28 6 DL AN B LPO K P76
DBP 15 YL fift b J5 ol &2 B 1E #, DBP X A E i
B AL B3 B

3 i it

3.1 DBP W T 35306 DR A LT84 e i i

Pt S AL il 7 B B AL A S A 5 T B A AR
FH, o SOD B4 B 3 5% AL R H, 0, , CAT REiE
—H H,0, FAb oK, B IT5 4Pk B A Sk
B3, A FSEIA g, DBP %14 SOD Hl CAT 1%
PESA PRI S ARBF 5T K 0] DBP Bl R 3
SRIE UL E A SOD 1 CAT 3% PE#R 2 2 1 i 24
il;2. 5 mg - LV HMERE SOD 16t — Az 214
il T oAt e BE 2 78 DBP Jilhic BL 3 A2 B3] L
s S, I CAT 16 MR AR fb Ik sk, (75 3 A ol
AL ERARBH 5. v LA H 35 AR DL B S A B B A 3R
Xk DBP e ;= A oA A 8 T N R N, HL
A R (B NEIEE =R i e =3 N~ v Uy
ZEUSTHESE PAHs XF AR T4 1 ( Ruditapes philippina-
rum) FUEAAL B IE PE 19 52 B & B, PAHs X SOD Al
CAT I MERsZ I B R BN Je 5 3 5 P . 3538 0 I
P SOD Hl CAT T I AR L AT & 4= Y e BEHLBE 1Y)
YEFHRLAE . 15 Je il T DBP hia #7399 35 38 0 0L 1484k
WEVE FHROEEIR | SOD il CAT 3% 1 1 A 1 175 (1 1t
FE R IR S AR AT 3 BOhT A AL S PR R AR 2
Je ki DBP JPpae s [a] e 4 AR A = A i 4 A
SLB e T O A FRAREERE ) T BOM DG S R R
K. ST SOD Fl CAT 3% 1 4 28 1k 15 A HH (2 1)
)25, 3 T] B 5 1 o il 1) 2 52 i A =0 ] A 5K
SOD Btk 0,7 7 4E i H,0, IF A 584 1 CAT if
Ji, GPx P AR R, H R AR AN & H,0, A
— KR, SR B AN (5 2R P4S0 AL BRRGE tmT
4 H,0,M.

MDA gt E b 8=z — , K& ED
EAR AT R AR YRR R S A R BT B %

MR KA A S B AR Y. A R,
@ AE T L5 ( Cabomba caroliniana ) 75 14 &
MDA &t b Fb, Hobt A AL R geid M 25 L, LPO 7K
Tt AR RIS Y R T A R e
A AP A EE TS A, MDA B I 2 T . AR5
HE ARG DL AE A FI SN MDA 575 DBP i
1S B AR AR, (B 5 % AL AR 2445 I B T
5, %5 DBP i 45 5 0H LPO /KPR N T . Bk
VRIS BT S =T 3B e T A ( Sparus
macrocephlus ) i SOD 1% 1k 32 41 il 1 JFF 0k 1) 52 412 2
HPIZHZUAY MDA &5 84 TH i 2] 1o 56 45 s %
%, SAMFTELE RATAE— € 22 5. Joig SOD Al CAT
TG PR 52 31 10 2 0 ik 2 A 3, 35 28 G D4 210
LPO 7K AT TH i, 260 DBP 30 £ 35 28 1 D144 4 4
F F TGN, Bt A B A A R A BE T R AR 43
e AT 22 figp X6 DIy DL 3 Jle B 3R A0 407, AR R
RE SISV B B 1 H 60T 40 i 7 A1 AN RT3 A 1 40
F FEHUA LPO KFT .

15 G BE AN [ XL A 40 3 AN AR TR] 18
AR —E W RN O R, H Rl 2E py oF
FEH KA A YA P il T PR St AN ) R ) ) -
RO ZR P AR A BN A [l B A LTS
YW HLAR BRSPS AN i 2, 2R AR AR 2 BT A
K, ¥ E ( Vallisneria spiralis ) | MDA 7] 75 PR BE &
LS it R i 5 DBP VR Z A AR OGO
A E. AR5 DBP iria T 35 28 0 U1 AY SOD
I CAT {5 P B A7 2 BT W1 05 B -2000 6 &, B
MERSRE SN SOD 1 PR B ] 1 F 3R e i
il 5 G (BRANERR2. 5 mg - L' WREEA ) , N IE A
CAT i P51 A= 1y 10 S0 38 A4 17 32 40 o, i s 4
N I B /S VIR Sl Sl TS G A S
2.5 mg « LR EEAH BP0 A0 I 1 M 5 At ok s 4
[ R B I 22 5, mI B 5 75 G IO & P i
A AR 7= A A AF S I R A 5. Stebbing' ™ AN
MURTESEDIRMR T 2 X A I 4, I tlax — 3
GRR R T 24 AT R Pan 25 B0 5 B R K
B, A PAHSs 38 R AfL &S DL ( Chlamys farreri)
IR E SOD i PERpLk b It m e BEria & SOD i
PERI N S TH 5 . DBP Wil 35 28 i D1 Ah £
CAT 1 PEFN MDA 5 5 it B 5% I (1] 1) 722 £ 52 TC KL
(R B AR Ak, BRI A < -5 %O < T v -
R 1) e 2 T4 ) X BE D 4 ( Danio rerio) %
ZR 30 I 5 bt s B oA B AT 0 S A 2R S g 3
TN AL BB, 25 b A5 FRIG PR R GRS
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A AT DI =5 T f# R . 1) DBP 8 5 1 ( 51) K W ha
FEA AR R T T S5 SRR DA R IR T R T
b STl e M R G, BT A s b, LPO JKF- T
15 52) BUEL B BT IR R A e 2 i SR,
FEPU AR (A 2 b= A 18 S AR D) LA 2R D 1 il
PRS2 B H], 40 SOD 3 P4 32 i AL A i
il o A8 Ak S R 2 37 B0t 2 0 AR BT
#1700 33) AL T 52 20k A B4 0F G A
15 Y BT A T A R AR Ak AT R S AN (W] Y
L.
3.2 DBP {5 YL bRJa 35 22 0 DU P9 2 AR 6 A 1 g
I

BLAA KT 15 Ly Joln 360 1717 7 A ) I DR — e 23 B
e SIER O T TR | g L A o S N e
FEE ('TBT) Wil R SCHE ( Meretrix meretrix) 14 A& i
SOD {5 1 MDA % 5 AR W] b F+ 57, CAT T PETEH)
W22 B35 S0 ToRg ], fEiE K R 20 d 5 98
PPk B0 FRZH 7K. AER I [a] v a4 & il
( Sebastiscus marmoratus ) FUAACHEHE B 55 %, &
Jh3E ] AE 4 DNA $i 5 i s, (HBkE 50 d 255
1720 AR B HAT A AL EGFI DNA 81055815 8 T
WAL S AT FE T T T K Ak 0T ) 35 2R 0 DL Py
JIE AT SOD il CAT §i6PEAE 12.5 F162.5 mg - L7 WK JF
AP A2 B M (P<0.05) ,/H LPO /KK
SN AR T X BRSNS R Y SOD 16 R B 1 Tt
O CAT TE M AT LPO 7K MK 52 1) X6 BEK ST, R B
DBP [ it 35 32 06 UL Az (0 458 40 7 15 Y i B I B
VR AR TSR A 1 AN ], FLRT 35 B MK R s
[ AR 5 SN 5 5 Y Y ) ) e i, Jae
fit i H SOD s Pk &2 . A5 SOD i M 1k &2 -
Frae T R R AT fE i T SOD B, A= WA i B
W 8 S 1T R 3 L A < 2o B R RO, HL AL
P Rt — R AARTT. IO, V5 YL bR m , R0 i
DBP L5 & DBP F35 3806 DK &2 A3 s, i Bl A
SR52 DBP JH 15 d J5 & W FEH 5 AR DT LPO /K-
B IR A 2 T = (E BN TR IS R E
I57) 12 DBP X555 22 0 D1 AY a6 75 B A% 1 v 75 o
DBP. £5 I, DBP JipiE XJ 535 32 15 D13t 1 i 8 Ak 463 40 02
AT LIRS, 78 S BR A 5 e i 3 v on] DA 1o 428 il 7K
M PAEs 258 O B AR LXK B A WG f R K
W PAEs XK A A= Wt i %) ] 388 % 1) B P e SR )
FIRESRANAT 35 1 3 T 2 AR A I it PAEs 15
Yeln) @i,
3.3 ARG DURRI S0 DBP ik ui i £ 2 Sk

AFIRHL T AR IR b2 5 800
FEAE I 23 ANIA) , PR b 2% Aol i 7 A [) 2 28 ) ) 3 1
FEAEAR TR 2 5. VA JIE PAT 2 Dy DL 9 A R HC At P U 2%
BRYEBR, AN IR E R W 40 A A D128 H 92e 1)
S BB RAER A e B P AR I o B (H IR
DU B4 50 i HE = 858 2k 1l 40 B2 S A 5304 DT
FCHAT ; DI ANIG DR uE e e S KA b 575 G
AT R /INIES HY ) BB 85 32E A FLAAR P I S SR A R 1)
MIPELESMERE I, S BN LT Y4 3 P AL
HAbLHA 25 fRae 2210 K , W5 ( Ostrea cucul-
lata) WALAR Y SOD HI CAT W Mt & F 88, B 1
I 5 A 5 ) B8 T T 3 . 2 SRR A
DBP W33t T BE 5 1 ( Brachydanio rerio) /N [6) 21 41
SOD ¥ M AR A ) 22 S AR BT ., N IE AT H SOD i 1
SR S S O SR g IR G522 b O Sl S
il G At Ry ] ARG, 35 2R 05 DL AT CAT
VR E S TAMEIR SNEE SOD iR B E TN
AT, PIRRZH 2L LPO 7K A8 Ak 3 L. 3% B 35 57 iR
DU I AT AN M R 4T AR AL Bl e T4 8 A PR g
()22 S AN [R], [R] BsEXF DBP ke Jsz iy ) 52 4501k
ZNGR

B PURAAR R AL OB T DBP X 35 A2 0
UL R AR T . SOD Il CAT ¥4 ok ] 8 375 5 (sl
i) , MDA %&£ 75 DBP JHria T B Jh . (EAHE &
(R AL TE PR 2 A & — D sh g e, Hs 1k
Z RN Z R X L R ] LU TS G Y A S Tk
JE AT DRI A ) R A5 155 s MDA & B m]
RE PRI [r) 2 AR T a1 5 35 28 0k DL A I A1 R 42 i
[ SOD H1 CAT i P4 R /N FAZ A LA 22 57 10 3%
W 775 JE R A BEA= A 46 AR e DU PR 58 Hh Y PAESs
AT 22 S8 2 TN SR F R R e e B P A
BARR PR AR YRR,

275 3k

[1] Tao G (Fg KI), Liang C (% ). Analysis on de-
velopment tendency of domestic and global plasticizer
market. Plastics Science ( ¥ARIEME ) |, 2008, 36 (6) .
78-81 (in Chinese)

[2] Liu H-J (XJEEZ), Shu W-Q (&FM#f). Advances in
reproductive and developmental toxicity of dibutyl
phthalate. Journal of Environment and Health (3335
fiteZis) , 2004, 21(2) : 122124 (in Chinese)

[3] Hermann F, Thomas K, Thomas O, et al. Occurrence
of phthalates and bisphenol A and F in the environment.
Water Research, 2002, 36 1429-1438

[4] Huang PC, Tien CJ, Sun YM, et al. Occurrence of
phthalates in sediment and biota: Relationship to aquatic
factors and the biota-sediment accumulation factor.

Chemosphere, 2008, 73, 539-544



1884

A< I

Eild 22 %

(7]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Sha Y-J (VW EIE), Xia X-H (E E2#), Xiao X-Q
( B ##t). Distribution characters of phthalic acid ester
in the waters middle and lower reaches of the Yellow
River. China Environmental Science (W EREEHRL:)
2006, 26(1) : 120-124 (in Chinese)

Wang F (£ JL), Sha Y-J (WWEH), Xia X-H (&
2 ), et al. Distribution characteristics of phthalic
acid esters in the Wuhan section of the Yangtze River.
Environmental Science ( #BiHL2£), 2008, 29 (5)
1163-1169 (in Chinese)

Hu Q-Q (#A/F/F), Xiong L (A& TH), Tianper XZ,
et al. Toxic effects of dibutyl phthalate ( DBP) on
Scenedesmus obliquus. Asian Journal of Ecotoxicology
(TR ) |, 2008, 3(1) : 87-92 (in Chinese)
Liu H (X]  #£), Shen X-T (JLHFK), Sun L-N (b
WHHE) , et al. Accumulation and biodegradation of dibu-
tyl phthalate in Chlorella vulgaris. Journal of Agro-Envi-
ronment Science (RN FREERLZ2E4]) | 2008, 27(6) ;
2391-2395 (in Chinese)

Wang J-X (E4), Xi Y-L (W), Liu X-B (X
%35 ) , et al. Toxicity of dibutyl phthalate to cladoceran
Moina macrocopa. Chinese Journal of Ecology (H:75%:
Zki), 2009, 28(7) : 1335-1339 (in Chinese)
Huang G-L (B [E %), Sun H-W (PN L), Gao ]
(B #8), et al. Study on toxic effects of dibutyl
phthalate on Daphnia magna. Environmental Chemistry
(HBEfk%) , 1998, 17(5) : 428-433 (in Chinese)
Patyna P, Cooper KR. Multigeneration reproductive
effects of three phthalate esters in Japanese medaka
( Oryzias latipes ). Marine Environmental Research ,
2000, 50 194-199

Yang X-L (#/)¥%), Yang R-Q (#%i5%) , Jiang G-B
(VLAEENR). Using Mytilus edulis and Pema viridis as
bioindicators to monitor butyltins pollution along the
Bohai coastal sites. Environmental Chemistry ( 3351k
2%), 2006, 25(1) : 88-91 (iin Chinese)

Wang S-H ( E#4L) , Wang X-H ( E#41) , Hong H-
S (BtfEA:). Specific characteristic of tissue bioaccu-
mulation of PAHs in green lipped mussels ( Perna viri-
dis) at different growth stages. Marine Environmental
Science (RAEIREIFIE) , 2005, 24(3): 29-32 (in
Chinese )

Li X-D (&), Chen R (& %), Liu H (X1
#E). Effects of TBT on the activity of glutathione
S-transferase in green mussel. Journal of Xiamen Uni-
versity (Natural Science) (JH[]R2ZEZ4R - HIABI
J) , 2009, 48(3) ; 423-428 (in Chinese)

Prasanth GK, Divya LM, Sadasivan C. Effects of mono
and di( n-butyl) phthalate on superoxide dismutase. Tox-
icology, 2009, 262 . 38-42

Cai L-Z (353, #), MaL (% W), Gao Y (75
FH), et al. The effects of anthracene, phenathrene,
pyrene and chrysene on activity of antioxidant enzyme of
Ruditapes philippinarum. Marine Science (ME1ERI2E)
2005, 29(8) : 47-52 (in Chinese)

Peters LD, Porte C, Albaiges J, et al. 7-Ethoxyresoru-
fin O-deethylase (EROD) and antioxidant enzyme activ-
ities in larvae of sardine ( Sardina pilchardus) from the
north coast of Spain. Marine Pollution Bulletin, 1994,
28. 299-304

GuW (& #), Shi G-X (JiEHr), Cao J-G (Hizd
), et al. Toxic effects of Hg™*, Cd** and Cu®* on cell
membrane system of Cabomba caroliniana. Chinese
Journal of Applied Ecology (W FHA:Z5%43) , 2008, 19
(5): 1138-1143 (iin Chinese)

(20]

(21]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

(29]

(30]

JIL-L (2##), Li F-Y (ZEZ), Luo Y (¥
). Free radicals in Carassius auratus liver; Their gen-
eration and oxidative stress induced by 2, 4, 6-trichloro-
phenol. Chinese Journal of Applied Ecology ( N FH4: 75
2#3R), 2007, 18(1) ; 129-132 (in Chinese)

Chen H-G (BRIER]) , Ma S-W (S EH5), Lin Q (#k
), et al. Effects of tributyltin chloride ( TBTCI) on
SOD activities, MDA contents and GPx activities in gill
and liver of the black porgy ( Sparus macrocephalus).
South China Fisheries Science (B 777K 7=), 2009, 5
(2): 23-27 (in Chinese)

Yu Q (4% #f), Zheng W-Y (FRf =), Weng Y (F
W), et al. Effect of petroleum pollutant on SOD and
CAT enzyme in viscera tissue of Pagrosomus major.
Journal of Xiamen University ( Natural Science) (&[]
KRR+ FURBREIRD) L 1999, 38(3) ; 429434
(in Chinese)

Li J-H (ZE5) | Mu J-L (FEH) , Guo H-Y ($B4L
1), et al. Effects of dibutyl phthalate ( DBP) pollution
on the physiological index of Vallisneria spiralis L. Envi-
ronmental Chemistry (¥EE462%), 2005, 24(1): 31—
35 (in Chinese)

Stebbing ARD. Tolerance and hormesis-increased resist-
ance to copper in hydroids linked to hormesis. Marine
Environmental Research, 54 . 805-809

Pan LQ, Ren JY, Liu J. Responses of antioxidant sys-
tems and LPO level to benzo (a)pyrene and benzo (k)
fluoranthene in the haemolymph of the scallop Chlamys
ferrari. Environmental Pollution, 2006, 141 . 443-451
Wang J-Y ( E%4%). Stress and Biological Response of
Naphthalene on the Antioxidant Defense System in Ze-
brafish ( Danio rerio ). Master Thesis. Changchun;
Northeast Normal University, 2008 (in Chinese)
Bagnyukova TV, Chahrak OI, Lushchak VI. Coordina-
ted response of goldfish antioxidant defenses to environ-
mental stress. Aquatic Toxicology, 2006, 78 . 325-331
Huang Z-Y (#JH39%) |, Chen Y-X ([RZEJX) , Zuo Z-H
(ZE1EZZ), et al. Effects of tributyltin on lipid peroxi-
dation and antioxidant enzymes activity of digestive gland
in hard clam Meretrix meretrix. Journal of Xiamen Uni-
versity (Natural Science) (J& [T R2E2#M - BB
W), 2006, 45(1) ; 102-105 (in Chinese)

Wang Y (T =), Wang S-C (EJiE), Lu J-F (i
1% ). Impact of benzo (a) pyrene on DNA damage
and antioxidative activities in liver of Sebastiscus marmo-
ratus. Carcinogenesis, Teratogenesis & Mutagenesis ( J&
A R - ), 2009, 21(4) : 276-279 (in Chi-
nese)

Chen R (& 28), Zheng W-Y (=), Yu Q €S
Bf), et al. Effect of oil pollution on antioxidant enzyme
of oyster ( Ostrea cucullata). Acta Scientiae Circumstan-
tiae (FREERIE24R) , 2002, 22(3): 385-389 (in
Chinese)

Li W-Y (ZE3C3), Xiong L (B WN), Liu R (X
%%), et al. Effects of DBP on physiological and bio-
chemistrical characteristics of Brachydanio rerio. Asian
Journal of Ecotoxicology (EA&FFH2EHR), 2007, 2
(1): 117-122 (in Chinese)

TEEE T 280507, &, 1985 4R BUERET R, RS
A AE SIS . E-mail ; gjf. 31128@ yahoo. com. cn

REHmE N 4




