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Responses of biological markers of larval Propsilocerus akamusi to phenol. GE Shi-lin', CAO
Chuan-wang' , FANG Guo-fei*, WANG Zhi-ying' ('School of Forestry, Northeast Forestry Universi-
ty, Harbin 150040, China; > General Station of Forest Pest Control, State Administration of Forest-
ry, Shenyang 110034, China). -Chin. J. Appl. Ecol. ,2011,22(7) : 1900-1906.

Abstract; Taking the 4th-instar larval Propsilocerus akamusi as test object, this paper studied the
acute toxicity of phenol, and the body mass, pupation rate, protective enzyme activities, and detox-
ifying enzyme activities of the larvae under exposure to phenol. The LC,; value of phenol to the lar-
vae after exposure for 6, 24, 48, 72, and 96 h was 222.52, 134.86, 67.74, 47.39, and
35.76 mg + L', respectively, and the dry mass, and pupation rate of the larvae de-
creased under the exposure of 0.4, 4, and 40 mg phenol -
the larval catalase (CAT), superoxide dismutase ( SOD), glutathione S-transferase ( GST), and

carboxylesterase (CarE) activities responded to phenol in concentration- and time-dependent way,

fresh mass,
L™". During 72 h exposure to phenol,

while the acid phosphatase (ACP) and alkaline phosphatase ( ALP) activities responded slowly and
were only inhibited significantly under the exposure to 40 mg + L™" of phenol for 48 and 72 h, re-
pupation rate, and CAT, SOD, GST, and CarE

activities of 4th-instar larval P. akamusi could be used as the biological markers to monitor the phe-

spectively. It was suggested that the body mass,

nol pollution of water body.

Key words: Propsilocerus akamusi ; phenol; acute toxicity ; growth and development; enzyme activ-
ity ; biological marker.
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PRI — oA |2 B2 AR 2 0 IS A=
W, AR KR R W A A R AR L R i
4y st SRR I b 27 st S L o SR 088 1 ( Diptera)
FEBCRL(Tendipedidea) , A58 2B K E B, A%
Sy A R AR RE AR TS Y M R e
TPURAER 0 | LT A F B ( Propsilocerus akamu-
si) e RO PR )2 o0 A T3 FE IR K IR
W KA S R G B EE A A
YIbR W ( biomarker ) J& A= W) 1K 52 B 31 5% 15 Y ) iy
IR R KA E A Z R TR A AR
FEAKSE R 7w AR E S 3abn. —Fh At
AW REBUERA R S e A A A A A 2
WAL A, I BE B DV A 0 14 BT Ak 1) 175 GRS
BB fE . (00— (A W b ) A S A O
RN, HBEMHE— R b Fr T e 75 ey i A
SRS, T ST — 2 R S W AR W A A B AR AR
B AE PR & W) R 48 (biomarkers system ) g 5 42 [l
MO PPN TG Y 25 1T B85 0 A 0 R 0 e B bR
A SCNA: R 250 22 GE 09 AR B 10 AR SE T R I X
CLMINPE WS REIE R AL SRR N OR 7 il
K SHTERETE PR, 5 AE AR B AR ALK B4k
AR ) 2 R 1 R A5 R ST AR TR A R —
T 7R A=) T /K AR R 58 W 4 (LR 22 A

1 #REFEE

1.1 AR &

CLARARE WO B W R IR R AR S Rt Tl g, T
ENH MRS 3 d B9 H KK (pH 7. 58, % it
6.02 mg - L™, AR 80 mg L™y, K&
(25+1)°C BAOEIREFR, 94k 3 d Je Pkttt K
INFIE L — L 4 5 4h HUH Tt
L2 FEIH

% Hise s G-250 A I FHE H (BSA) K
SERATESR (PMSF) | B 5B B (DTT) L &4 &
BR(EDTA) #E R (VB,) GBI BEH K (GST) |
XA I i 1 — 4 ( PNPP ) 1368 A 22 55 193 ( p-Ni-
trophenol ) ] H Amresco 2\ Al 1-58-2 ,4- _fif K
(CDNB) . B Jii 5.0 ( eserine ) [ # B £ ( Fast blue B

salt) ) H Sigma 28 Al ; a- LR Z50E («-NA) | L-H A%
Z IR (Met) 2K} ( phenol ) | A J& & PUME ( NBT) F1
i AL Z (hydrogen peroxide ) Y1 7 [F 24 £ A1 1k 2
AR A .

1.3 PRI

K WG FEE AT R RO . 2R ) T 2518
IKECRS 7 AR BERRBE , LAZEIRK 28 O IR Btk
PRI 4 W5 4 AU A B 50 mL 259011035 B S8R AR
o REALEE 20 Sk BEURFE 3 KE AR, WA RIS B
FEARIE Bt Pk R FET-ANA, 43 5 T 6,24 48 72 Al
96 h BEitFET- 4, IFRE! fith 20 #2 WO, % HL A g
WOIC RN A BET .

1.4 Qeip b SR m A5 e

DIZEBY R LT 440 R 50 4 1 4 L 48 h LC,, W3
i, JHZERIKECH] 0. 4 4 F140 mg - L™ WESLHCE
PAZEIRIK R 28 U6 R R AR I 4 3% &) B e A %
A 500 mL 253 (97K 5% (20 emx 15 em) H, A 4b B
100 3k, Bk BE 5 WRE R BEMLEE R 3 IREE H T
FEA AL R A 24 h Gei 4 AL B O, LA vk
FH S B AT T A AR I A 1k Ay 2 IREE
TYFEIORE, YL 6 .24 48 F1 72 h J5 , WK
HEEHLPREGE IR B4 R 20 Sk, 2848 K Bk, Wk 4%
W T B S8 R T--80 °C vKAG Hh FH T i 4k I <2
T BT A YT E] R 48 h, RV 3 IRE A,
RHEE 20 3k, 4 BIBCH FHZE IR KIEYE 2 1k, ok 4R
W 7K Ag S B e i, SRS A 50 °C LR DIt
4 h, FTHEZE 120 CHtEEEFHRETRE. T
[ B AR 7w, FE T (1) i = [ Ab PR
(1) Bt/ X A BTt | x100% .

1.5 g &

BEALPRIC S SHR I 4 34 U 1 mL B0 9 2
WO, B SR AR VKR SR 510K, T 4 Claidi s,
T E RN R . A A AR (SOD) SRR
fitt ( CAT) | & P 5 R T i ( ACP) | B8 % W6 IR Tl ity
(ALP) 4+ It H BR-S-5% %% B ( GST) 1R IR B Bl
(CarE) T RIS DS EN T 4 9B & SOD
HI CAT 2J3¢ % 4 0.05 mol - L'PBS( & 1% PVP,
0. 04% ZFEHNRFN 10 mmol - L'EDTA ,pH 7. 8) ; &
710 15079 x g, B 0> 30 min. GST &) 3N
0.1mol - L' PBS (% 1 mmol - L' EDTA-Na, .
0.2 mmol - L' PMSF A1 0.2 mmol - L™ DTT, pH
7.0) ;B0 12 10000 x g , B0 30 min. B R R i 2
HWH 0.1 mol - L""PBS (pH 7.0); B0 H1 Ky
10000xg , B5.0> 15 min. CarE 2J3¢ % 4 0. 04 mol - L™



1902 N A

& o

22 %

PBS(pH 7.0) ; &0 J124 12000xg , Z5.0> 15 min.
1.6 SR E

E A B E S M Bradford ™ (197% 5 B2 s
G-250 . SOD [ % £ I %E 2 B Beauchamp il Fri-
dovich"'® J5 ¥k W& gk gk, ¥ 3 mL K (&
50 mmol - L' PBS, pH 7.8, 13 mmol - L™ Met,
0.1 mmol - L"EDTA,75 pmol - L'NBT) .0. 02 mL
B F1 0.6 mL 0.5 mmol + L' BB ZEIRA G, A
SRR EEFRAR A (25 °C 4000 1x) ZbFR 15 min, 57 B¢
FEME OD g {5, CAT 3% P 2 2 I Cohen 4517 J5
283 mL H,0, KBS 0. 02 mL BMIE ST, 57
BIT 240 nm F 4K 30 s iC 3% 1 R OD,, {4, iC &
3 min. SOD 1 CAT & 14 D42 5 28 11 A543 41 Y OD
ﬁﬂyﬂ:"ﬂfﬁéﬂ?(AOD - min~' - mg_lprotein). GSTs 751
ME S B8 2% IR 4 R0 RS Ty gk w i ok 3.
2.3 mL 0.1 - L""PBS (pH 6.5).0.5 mL
9 mmol - L™ JFERIZF I H K (GSH) 0. 02 mL ffi
0.1 mL 45 mmol - L' CDNB JE ¥ IR 2J, 4 I
0.5 minjll %€ 1 ¥ OD,,,, 1L 5%3 min. CarE & PEJI E
SR 2R A AR L B 5 s A B0 sh. 0. 05 mL
i 5 2 mL 3x107™ mol - L' a-NA JE%7,30 CK¥EG
LRI 15 min, IIA 1 mL 2 @5 (1% [E % B £5.5%
T TSR EN ;2 ¢ 5) Zeab RN, A ODg,, . BEFR
i A T 00 R 5 MR D 4T A4 ik, ACP g A
JIA 2.3 mLO. 1 mol « L™ BSFRZE 1k .0. 5 mL 7. 5x
107 mol + L™'PNPP( pH 4. 6) £110. 08 mLE#& , 1£%],
37 CKIBYRESEIE 30 min, ITA 2 mL 0.1 mol - L™
NaOH £ 11 [ R, 52 0D, . ALP 3% 7 2% th i hy
0.4 mol - L™"ELHZ4H-HCl ZZ ik (pH 9.6) , Hi4x
DN 7 30 TR R 1 B3 2 TR . GST, CarE \ACP | ALP i
PRI L g2 v 28 1 B e o0 B o e SEC ) 1) A B J B
7~ (nmol + min™
1.7  $dsiba

K HI POLO B A3 5328 B X FE M0 4l e P B ik
JE (LCyy ) M 95% BAFIX ). FHZH A 96 h LCy, x
0. 01 T332 i XoJ 2 0 &) ML) 22 22 MR . iz ] SPSS
16. O KA X ] — Bsf [ Acb B AN [] 9 3 %o il 37t 1 52
Ml H Tukey 7562847 B EE AT (2=0.05).
2 ERS545H
2.1 Rl B 2k R

MR 1 ATLUE R 4 1134 16 .24 48 72
F196 h Y LCy, 23 5h 222. 52 134. 86 .67. 74 47. 39
F135.76 mg - L7, B PEAE FH BE A ]38 fin 28 7 4 o

mol

- mg~' protein ) .

FE G A B RS (] A9 SiE 4 | 21 #2004 0 40 X 2 1y
1) 5 JER R R A T A K R R e TR
0.36 mg - L. 38056 o WL ¢ & 0 e Ve 28 4% T 5038 i
H AR I G, YRR E 60 mg - LA, R4 HUR
R BRRIEE R, 5 87 532 By 1 R R U /0N, AR %R ik
15 FR RS PERG N ; 4k B3R $] 220 mg - L7 A Ab3
24 h J5,85. 2% #h A P BRI AT, A6 B IR L, 4
VAR NGNS AR TN § = R

2.2 RS RRECA ST AR R A5 R

EXFIRAH I, 0.4 4 140 mg - L7 A Ep 2b B 20
PRI 4 W44 T8 BT EE RIS, H 5B SR ARG,
0.4 4 40 mg - L™ &M b 3R $2 504 i 1 F09E o
A3 LX) BB AR 13. 7% .16, 4% 19. 8% F119. 8%
24.9% 33.8% (¥ 1).

IR 44 R ,0.4 4 F140 mg - L7 ZS M AL 2
PR ey e BT AR i R G I T X R 43 R e R
i) 64.3% 42.9% K1 35. 7% , 35 W5 W 4 Ak i 2R
Wi R P vl o 1 A iV P35 (1 2)

2.3 ORERXRRISCA)) HUAR YR B Y R e

3 AT LLE Y R FEPE B4 L 6 b A

F1 FEHIEL4 RHRIEFE
Table 1 Toxicity of phenol applied to 4th-instar larval chi-
ronomid ( mean=SE)

fif 1] n LCsy(95% BIFIXI) fix FIr
Time (df) LCsy(95% Confidence Slope X
(h) interval ) (mg - L")
6 400(18)  222.52 (178.60 ~264.36) 3.21£0.59  26.02
24 380(17)  134.86 (85.48 ~164.12) 4.72£0.92  21.33
48 360(16) 67.74 (26.31 ~99.18) 2.4820.52 18. 87
72 380(17) 47.39 (28.47 ~61.59) 2.3620.51 8.27
96 360(16) 35.76 (22.40 ~45.81) 2.6320.63 8. 14
120
a 2 OB & Fresh mass
8T & Dry mass
100 b
ab b b
g 80 b b
i 2
®s
& 401
20
0 . . .
0 0.4 4 40

K BE Phenol concentration (mg « L™)

1 RPN REIC 4 W4l HOT BT 1 5 R

Fig.1 Effects of phenol on dry mass and fresh mass of 4th-in-
star larval chironomid (mean+SE).

S [F) g 3 R — I (B S [R] ¥ B 1] 25 57 & 3 ( P<0. 05) Different let-
ters showed significantly difference at 0. 05 level at the same time among

different phenol concentrations. FIA] The same below.
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60 - ~- Omg - L 50 o6h
o 04mg-L" m24h
50 4 4mg-L" ~ a0l a §48h
@ - 40mg -+ L ,?g a 272h
= a0 L ——0 Z 8
- S5 30t
= §‘ g Lén ab a 2
%gso #'8 5l o b 3t be
% 2 ya k I ¢ b
'L‘; 20 + E 8
§ ©3d g0t
10 +
o A 0 " . .
05 2 3 4 5 6 7 8 9 10 1 12 100 .
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—~ 80 L
" == a
B2 ZRE TR 4 W44 AR 2200 5 e EZ 10} b
R
Fig.2 Effects of phenol on pupation rate of 4th-instar larval 85 60t
P pup S .
chironomid. 3 «.-E' 50 + c b
Rl \ b
N . N N N N /9 301
P9 CAT S HE B985 T X, ELBIZORRE b 88 ) ¥
0 Y » C
K,40 mg - LRI ALHIZ CAT {GHE X BT 1. 66 10}
’ )

5. 5% 24 h J5 ARWKIE (0.4 mg - L") Kk S
CAT 75 ML fin, A X IR AY 1.27 %, MR JE (4 A
40 mg « L7) K B 300 CAT 355 M, 43 91 b b BE 1)
0.82 F10. 93 1. ZEMYALHE 48 h, FEUC4h HUK P CAT
TEPE R T 30 %t BE A 1,19 1,09 F1 1. 37
15 (B 5T 72 h &, CAT i PEAE 1L 5 24 h ML, 3%
IR Ay AE v 75 5 R v Y

PEBC A4 WA AR ER TR 6 F1 24 h )5, RN
SOD i M AR X BE, e R il %53 31 82. 2%
F158.9% . 7% 48 h,4 F1 40 mg - L' K E AL PR
am@rﬁ%ﬁﬂ%M1@ﬂn7ﬂi%%nh
0.4 .4 F140 mg - L™ R ARFRA SOD 36 #4351 A Xt
WY1, 23 2. 23 Fi11. 4947 . [ 2 A HH R[] ) %iE K |

0

4 40
%ﬁﬁ?&ﬁ Phenol concentration (mg-L")

3 WEGEHIE IR 4 i 4 B CAT F1 SOD & MERY

Al
Fig.3 Effects of sublethal phenol on CAT and SOD activities of

4th-instar larval chironomid ( mean+SE).

fRHEPE (0. 4 mg - L7") ZbBRAG L UK Y SOD 15 PR
LRI AFEPEET, mREE (4 FT40 mg - L") 94))
A PR 8 5 P A R R T 9 A KT R AL b
L, RS T 4 mg - LR IAEWT 72 h 9% &
FifEiE = 6 h 1Y 8. 91 1.
2.4 R X RE IS4 HAA P 7 R R 4 5 e

M 4 BT LIE B 40 mg - L7 2R ALFE 48 A

12 N 8r Oo6h
C) Cl m24h
28 10} a 28 N48h
.éﬁé aNab 5 aboa 2aa gy .gdé 61 a g . a a =272h
S g 8r b & e 5t a b b
g .- b chb
S 6t 2 4l
#g Eal L
iy g 4t Wi a 3 d
op Sy o2
[=} 2+
< g \g/ 1t
0 1 1 1 0 1 1 1
;-\250- 60 -
] g
28 2 B850t
:% ﬁg‘ 2001 % ~E 0 a a
e B 150t . o8 g B .
o O 30F 4 b b a
#9100 s b b b o
5 5000 2 1
Q= — c
B9 sof 873 ol
8 i
0 0 )
0 04 4 40
ZSEG%ZE Phenol concentration (mg * L")
4 EBOUH R XTI 4 B4 KA ACP ALP (GST Fll CarE {5 PE R 2

Fig.4 Effects of sublethal phenol on ACP, ALP, GST and CarE activities of 4th-instar larval choironomid ( mean+SE) .
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72 h ) ACP T P 0 35 I T X0 B 6 B I 35 400 1)
AN, AR e BE FE I X ACP 35 1t 59 i 2 G W 3 2%
S O 7 R 1 0 $ A AR Y ALP 2 5
ACP FUZE A 40 mg - L7 AEByAL 34 48 172 h,
ACP 3% VE #0214 i) 2= 53 01 4 18. 6% F
40. 4% . PRI 4 {4 HAR P ACP Fl ALP X TR 2
8 I AR B A R EE (40 mg - L1 A ]
(A I A2 7= A 8 S I VR

ORI b PR IS 4 4l HL 6 M1 24 h,0.4 4
40 mg - L' HEEAEFEZE GST 3G PR T Herp
40 mg - L™ R 1y 9l 0 25 S 08, 43 5 Sk )RR
1.43 F1 1. 54 175 K1 48 h AbFRLH | 4% 4 AL B GST
TP R G R, 43 R R R 1,35 1. 22 N
1. 37 85 (B 2R 58 72 h, 25 A0 38 20 0 4 341K T X AR
L HERAEE(P>0.05).

T ARW 25 6 h, FEI4h HUA N CarE 1 1
P ZAMH 0.4 4 F140 mg - L7 ZE 0] 245 )
420. 6% 39.2% F121. 6% ; 7% 24 h 1) CarE 1k
R U B FLREVER B A 3G S S35 20 SR
HEEY 1.14 .1.91 1 1.97 1% 5% 48 h,0.4 .4
40 mg - L' ZE W AL TR ZH CarE 35 1 43 50 g o BE B
0.83.0.51 fil 1.34 fi5; 258 72 h, CarE 7 PERE F Ik
JE R3S K3 I R P TS [ 1 a5 43 il Sk o BT
1.06.0. 56 #10. 91 1.

33

A LTS Gl LREVENE T 20 R 0 S R
TEPEWIZE O BRI 7 AL A X A 1 B A
%, 38 RN AN [ 72 B2 BUR TR (1) A BEPEAE H.
JRRTAE B S5 Sy A B8 e JRR TR ARV ARG 1 JRR T , 8 e R
WAL AP0 o145 F h B i G B R
IR, WA T T REA T TR
By S AL (-OH) , e A ik iz e s R vh 4
52 ARG R A R EAE T AT 3 s i i A
FRARTE RSOV 30 ) T i S A S IR T ARYE LT
BROVTRR 02l s A T B IR K b IR BE 5 ISR A T, %
T3 J8 T AR IRR I AL 5 ). AR X £ R0 B 4 1%
414196 h Y LCy, A 35.76 mg - L™ B (fhpqk 2y
PRI AT IR v U] ) 21 roxd £ 2 A B 1 2 2 R
SIBRE T AT R B X LRI el HU i BT AR EE
(B O ZLRR 20 B2 B0 4y R 3 P v T %) 61 2 1 ( XG-
phophorus helleri) ") FI = P42 11 ( Portunus trituber-
culatus )" . IACZEP TR 7K A A G 2 B T KA
& I 96 h ) LCy, 0. 01 T1E52E e JiE ™) K

Ty XoF £ BR 20 42 W 1) 22 4 VR B2 R 0. 36 mg - L7 % F
FELE AT Ry A AN RV PP 4 (it R B A Bl O Ry
E WOl FREE T bR SR S
PEBIOIR AR B RS W s AN FR A, 1T
SCBR oK MR R BE b R By Wk E B F R A
35.76 mg - L7 (96 h LC,) , 7 2 SEAUR AR bRk A
7K P85 0 k. AR 4 7 AR W e AR 3K B — 2t
AL AR R E AT S A8 R 0
AR AR RLAE 2k #E P 48 h LC, FIe v
(96 h LCy,x0. 01) Fefifi |-, %648 3 51 (0.4 4 1
40 mg « L) AKSP-HIF 5% 4 Il X T RR AT B2 I 4 1% 4 L
TR B AR R 0. 45 TR B, AR AR e AUk
JEE R S PR AR e 4y s A o i, LI 7 Wk 4 KA
FHBC R S R B A B, TR R A
AR5 AR P38 T T 200 Rl S 2 . AR
IS LT RNPEIL 4 W4 4 HUE F AL 29 12 d, fh iR
H42.0% ,iXYj Chironomus tentans FLUHF (43. 5% )
Fe AR — 3, {5 Ak i W] I % F Chironomus  tentans
(29 d) P, X A g 4R ISR SRR 6 2% 14 (0 22 57
SO N POFAR - Tk v NN L SR S K RSN i
R FE IR I 22 2 W R AT, X AT BB R B T4 4L
PRATUHR SO P RO B2 85 2R 1 1 A 5 B4y i fb i ok
FEAZBH. B LIAR 47 i 4 B A0 2ok B X AT ML
AT ORI R A Ry BRI A
IARFFE R AN 15 Yo 0 A2 25 R G058 I 1) fie
FIVEFH 2658 2 XT3 K7 R 4, 88
JRBATEAML B MR R R RS RS
AR S e SR 4 RF S AT I R R T o) I P
kbR EY) (CAT SOD (GSTs  CarE  ACP/ALP)
FR S, BB K A rh 2R 1 2 7 YL vk B S R T
PERIE R, BB T4 | O o A s %o M ) % 52 Ak o T
& CAT H1 SOD &A= Wi bt 8 Ak By 18 2 4t rh i O
SRS AT LA BRAR N 2 s RS, NI 7 1EAILAA
A5, SOD F B4 40 i P 1 B S| B+ A
F(0,) Ak H,0,, 285 CAT ¥ H,0, #ibh
H, 0. ALz 20 SME:P T 9 Ak e sl | L0 1
SRR AR B B el 8. Rk, SOD Ml CAT “# 4B A
S/RERNEL TG Y i i B AR B AR A
Hi CAT 1 SOD 1Y $5 A% AT W ¢ %4 7 ¥k B2 15
0.4 mg -« L™, FL R VRGN, B 6 A0 8 5 1
4 140 mg - L MREE T, CAT 75 M Bt 25 18 FH i 18] 1
JEA Fe Ry e Tt iR i 2 Bk B2 2 ) BEOK -, T SOD
FEI Ry e AR T S T 5 e S R SR 2 R BEOKF. AR
i CAT 1 SOD Pifi 45 7 2 B} ) 2 AN 5] 114 25 1k s 34
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AT AR . 224 B 0 &)y e A7 380 2% B B 0 BeF A A et ]
W H,0, et R EUR 1,0, # L, —Jym &l
il SOD ¥t 0, %Ak R H,0, HEwHH T SOD &1,
F—J W CAT W& Bk I 75 5 CAT I 1
55, SOD 1 PERIFRAR  CAT T 14 i 48 K, 2 i 240 Jfd Py
H,0, &Ik, 0, SaiK, fiE 0, MR, S0D
IEPES PG R W B RNt 28 0, , J )5 CAT,
SOD FIH AT 48 Ak b5 180 1) il A F — Fofr 3 285 1 itk
A B R — N RARK T

A 30 P 1 i 2 TR AR Ak 58 B S A A2 P R )
ARG A 7 25 0 2 B R UL 1) — ol 3 ML PR
P g 28 IDE HIK-S-H % il 10 22 T2 i it 2 22 I A4 1 3
ot B 2L () B T, PV AR W0 0 26 b .
R IR/ ACP Al ALP, £ 258 i 2 58 Rk 7
WS Feia i AN IRFEY) , DRk H A A 16 52 N 1Y
ERHEAT , B NAIME K A ) 1R e e 1 AF 5 8 22
SR EAR 2GR 4 JE B O O AR R, 4T
PR IR N ACP F ALP X0 T 2K P 22 55 114 i 17
B R, BT R BE (40 mg - L) BT[] (72
h) 1 PE A 2 X IO P 1)l T T g A A 3%
A Bl T T X 5 1 W 3 AN BBURR. GST ELAT T BR AR Y
F p 3 A 1 OUEE D) B8, LI M 1 /N T s L
PR BE J1 B9 B A, TRV GST nl 4 1k 43 bt H ik
(GSH) S51b2#Wy J5a i) 2 v BE A 25 G| B 290 U ik
SURHE A, R B M B Y. DR B 45 Ak B A
GST I P49 G, Wit 5 v 3 1 R A 4
3,40 mg - LT ACBRL GST % 1 Fifi 25 F 1] 28 fk 26 0
SRy S T v J R A A 8 X R KT B AR A R A X
HHAE R 1 W ARG, 32 AR P9 TE % 1) GST 7KK 7]
DI UEIH B AR T S A 554 R IR ™ ), W 2 15
YL Tpria BN , GST i M 32 B0 B 0 , LAITHBRE £
()AL 4 5 Bt 25 5 G 30 A 32— 2P i, GSH ™
FFEWE , GST IR EHT N 2 FRKF. X 5B E# %
SRR R B 0 T B ARt 2 GST 36 J1 3£
ARG S A AR A S AH 3, BT UL GST 1R —Fb
YRR LS & R A A AT R K IR TR
BTG Qs Y i A A ie ). SRR IR I IR 22 R
ity , 2 B AR N B K R 2 — ) 2 AR T4
EHREN, 25 WIRSANEA 89 5 1A Bl
T2 AN T K AE S CarE WF9T B4 R AEAH AL
W 400 Bt 44 TR R Al L P IR R 2% R LR AF Oy
15 R A SR, CarE 5 I R AR A
YN R 2 A PEAN T A AR Sy — B, ok
WA 25 XA IR Y BEPE R BE . ASIFST 45 2 0, 15 I

& TRB T 24 h 5, RN B TE R E S,
LB v B2 1 388 T a5 3 B4 5, 43 1 ok X BR G 1. 14
1.91 1. 97 %, i MH AR il CarE L2 5 32K B} (1) 55
AR .

AHI G4 T I, R X P I ELA — a2 A
ZRORE, - Bt P 1) 00 LG, 7 W A, 55 W it 2 A
PR ] T | 2T R0 R U0 4Ty X 4 B P SRR P 1 K
IV BUFE ) A Py o M A 5 i FTAR M R BT AR e
e 5 st &b, 2 3 34 52 W B2 SR ) CAT, SOD | GST #l
CarE M, I Bif 25 W 22 185 0 R 5 55 Bsf (1) 7 2284 22 R
— [ FR) - RD RN, SR B S 2 5 T R 4l d
X Ay 10 o 225 HIL A PRI, B ISR Y CAT . SOD  GST
A1 Cark i 9 2 A8 AT VE S 7K PR R 5% Jo 2 119 L 1 7
BAFS TG X Bl 28 5 KK P 55 28 W v B ) %
RIBA FpiE— 05T,

S 30k

[1] Chen C-P (BEfEF), Zhang T-T (3KEEFE), He M
({7 #%), et al. Effects of aniline and phenol on fresh-
water algae growth. Chinese Journal of Applied Ecology
(AR 24, 2007, 18(1) : 219-223 (in Chi-
nese )

[2] Saha NC, Bhunia F, Kaviraj A. Toxicity of phenol to
fish and aquatic ecosystems. Bulletin of Environmental
Contamination and Toxicology, 1999, 63 195-202

[3] Zhou W-M (J&3CH), Fu D-Q (fH{E%), Sun Z-G
(¥ H) . Determination of black list of China’ s prior-
ity pollutants in water. Research of Environmental Sci-
ences (FMERMEWFFY), 1991, 6(4): 1-3 (in Chi-
nese )

(4] Xue L-Y (BEER X)), LiL (25 /). Nie S-P (E#
). Studies on DNA damage of the blood cells in Car-
assius auratus induced by phenol and hydroquinone.
Acta Hydrobiologica Sinica (/KAEWI243R) , 2006, 30
(2):241-243 (in Chinese)

[5] Hori TSF, Avilez IM, Iwama GK, et al. Impairment of
the stress response in matrinxd juveniles ( Brycon ama-
zonicus) exposed to low concentrations of phenol. Com-
parative Biochemisiry and Physiology Part C, 2008,
147 . 416-423

[6] GaoH (¥ 4£%), Zhang S-H (3K ), Xiong D-Q
(BEFEEL) | et al. Study on acute toxicities of phenol
and aniline to two marine organisms. Marine Environ-
mental Science (HEFERETRI2E) , 2006, 25(suppl. 1) :
33-36 (in Chinese)

[7] LiT-J (Z8k%), Guo Y-M (ZKiEW) , You J-J (JUJH
JE) , et al. A study on acute toxicity of phenol aniline
chlorobenzene and nitrobenzol on Poriuns irituberculatus
(Miers). Journal of Modern Fisheries Information ( ¥}
el A5 E) , 2009, 24(1) : 15-17 (in Chinese)

[8] Wang H (£ 2%%), Shen Y-W (JLZELE), Lu L ()5
#), et al. Acute toxicity of typical hazard chemicals to
three kinds of aquatic organisms. Chinese Journal of Ap-
plied and Environmental Biology ()N FH'5 ¥ 534 4%
4R), 2003, 9(1): 49-52 (in Chinese)

[9] Tang Z-Q (JEH), Feng C-C (IHFE). Acute tox-



1906

A< I

Eild 22 %

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

icity of substituted phenols to Daphnia Magna Straus at
different pH values by Kier’ s shape index. Journal of
Wuhan Univesity (Natural Science) (BRI K2E2ER -
B L 2006, 52(6) : 685-689 (in Chinese)

Choi J, Roche H, Caquet T. Effects of physical (hy-
poxia, hyperoxia) and chemical ( potassium dichromate,
fenitrothion) stress on antioxidant enzyme activities in
Chironomus riparius Mg. ( Diptera, Chironomidae ) lar-
vae: Potential biomarkers. Environmental Toxicology
and Chemisiry, 2000, 19 495-500

Crane M, Sildanchandra W, Kheir R, et al. Relation-
ship between biomarker activity and developmental end-
points in Chironomus riparius Meigen exposed to an or-
ganophosphate insecticide. Ecotoxicology and Environ-
mental Safety, 2002, 53. 361-369

Zheng X-Y (¥B5EZ=), Long W-M (JE3C4%), Guo Y-
P ($8WSF) | et al. Acute toxicities of Cd**on Ropsilo-
cerus akamusi (Diptera; Chironomidae). Journal of Ag-
ro-Environment Science (M FRBE Bl 27224 ) , 2008,
27(1): 86-91 (in Chinese)

Regoli F, Gorbi S, Frenzilli G, et al. Oxidative stress
inecotoxicology ; From the analysis of individual antioxi-
dants to a moreintegrated approach. Marine Environmen-
tal Research, 2002, 54. 419-423

Wang Y (£ 1X), Jiang S (£ 3&), Zhao X-W (X
WEE) , et al. Effects of two organic pollutants on bio-
marker system of fish Lateolabrax japonicus and the pol-
lution assessment. Envimental Science ( ¥ 35 Fl27)
2010, 31(3): 801-807 (in Chinese)

Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein dye binding. Analytical Biochem-
istry, 1976, 72 248-254
Beauchamp CO, Fridovich I.
Improved assays and an assay applicable to acrylamidae
gels. Analytical Biochemistry, 1971, 44, 276-287
Cohen GP, Dembieck D, Marcus J, et al. Measurement
of catalase activity in tissue extracts. Analytical Bio-
chemistry, 1970, 34. 30-38

Lan Y-Q (*2784), Zhao S-X (#X+EE). Resistance

mechanisms of Spodoptera exigua (Hiibner) to fenvaler-

Superoxide dismutase ;

ate and alpha-cypermethrin. Chinese Journal of Applied
Ecology (R A=A 2=, 2010, 21(1) . 203-208
(in Chinese)

Ma H-M ( 204 ), Chen H-Y (FEIEF2L), Liu X-Q
(WI/NF) , et al. The relationship between the activities
of glutathione S-transferase and phosphatase and pesti-
cide resistance in German cockroaches ( Blattella ger-
manica). Chinese Journal of Vector Biology and Control
PR A ) R il k) , 2008, 19(5) « 422~
425 (iin Chinese)

Ji G-D (FEEA), Sun T-H (FMKHT), Sui X (B
Jik). Toxicity effect of substituted benzenes in oilfield
wastewater by molecular orbital method. Chinese Journal
of Applied Ecology (N JHAEZSZH), 2002, 13(4):
471-475 (in Chinese)

State Environmental Protection Administration of China
(ERHFIELY)E ). Environmental Safety Assessment
of Chemical Pesticides. Beijing: China Standards Press
(in Chinese)

Yao Z-F (Wkiil§) , Zhang L-Z (F ¥ E), Zhuang P
(FE

), et al. Effects of antioxidant enzyme in liver

[23]

(24]

[25]

[26]

[27]

[28]

(29]

[30]

[31]

[32]

(33]

and acute toxicity of Cu** on juvenile Chinese sturgeon.
Journal of Fishery Sciences of China ( ' E/KF=F}4) ,
2010, 17(4) : 731-738 (in Chinese)

Lee SW, Choi J. Multi-level ecotoxicity assay on the
aquatic midge, Chironomus tentans ( Dipetera, Chirono-
midae ) exposed to octacholorostyrene. Environmental
Toxicology and Pharmacology, 2009, 28. 269-274

Xu L-H (#&57.41), Zhang Y-Y (5KRJC), Chen Y-Y
(BB Hi). The advances of molecular ecotoxicology
and its significance in water environment protection.
Acta Hydrobiologica Sinica (KEAEYZR) , 1995, 19
(2): 171-184 (in Chinese)

Geracitano L, Monserrat JM, Bianchini A. Physiological
and antioxidant enzyme responses to acute and chronic
exposure of Laeonereis acuta (Polychaeta, Nereidiae) to
copper. Journal of Experimental Marine Biology and
Ecology, 2002, 277 145-156

Li J (Z= ). Effects of Pollutant on Feeding, Diges-
tive Enzymes and Alkaline Phosphatase of Marsupenaeus
Japonicus Larvae. Master Thesis. Qingdao: Ocean Uni-
versity of China, 2004 (in Chinese)

Li Y-X (ZHE), Yang J-M (#1832). Comparison
of the toxicity and the influence of enzyme activity of four
kinds of insecticides to Daphnia magna. Acta Scicentia-
rum Naturalum Universitis Pekinesis (b5 K2F%4R -
HARELER) , 1997, 33(2) : 197-202 (in Chinese)
Huo J-H (FE# 7)), Chen J-C (BFZX K ), Hu G-D
(WIBEZR) , et al. Dynamic changes of catalase and glu-
tathione-S-transferase in the different tissues of tilapia
exposed to phenol. Ecology and Environment ('EZS¥
55), 2006, 15(4) : 687-692 (in Chinese)

Van der Oost R, Beyer J, Vermeulen NPE. Fish bioac-
cumulation and biomarkers in environmental risk assess-
ment: A review. Environmental Toxicology and Pharma-
cology, 2003, 13 57-149

Park K, Park J, Kim J, et al. Biological and molecular
responses of Chironomus riparius ( Diptera, Chironomid-
ae) to herbicide 2, 4-D (2, 4-dichlorophenoxyacetic
acid). Comparative Biochemistry and Physiology Part
C, 2010, 151. 439-446

Yan J-G (IE#£E), Ru S-G (i&/VE) ,Wang W (£
). On effects of monocrotophos on AChE, CarE, ALP
and ACP activities of Monopterus albus. Journal of Safe-
ty and Environment (‘%4535 274%) , 2006, 6(3) :
61-63 (in Chinese)

Krisoff G, Guerrero NRV, Cochén AC. Inhibition of
cholinesterases and carboxylesterases of two invertebrate
species, Biomphalaria glabrata and Lumbriculus varie-
gatus , by the carbamate pesticide carbaryl. Aquatic Tox-
icology, 2010, 96 . 115-123

Lai Y-P (CRAME) , Liu X-J (XIBE#E), Yu X-Y (%
M FH) , et al. Application of the CarE and GSTs in safe-
ty assessment of insecticides. Jiangsu Journal of Agri-
cultural Sciences (JT.75 4l 224 ), 2008, 24 (6) .
944-947 (in Chinese)

EEEN

B, B 1987 oA IR A FENFIR

SRR H2AIFST. E-mail; gslnefu@ 163. com

EEHRE H 4




