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= T & i E R SR A E AL AME BN
oo, BRI, #EF, HE®RY, #iAkS

(1. WA WK = IR T, WL IR R KA R IR R S (R4 S SR =,
TR T R AR A R AUSEIG E, WITL RN 3250055
2. WITHEHE RS, B FIEHERMIRE TR L, W fi 316022)

WE: HTHREZESRERTLEN AWK BB TR, L8R TE R AEN AL
MK B R AR AR, FHR T R R E AR B R AR E AR A T X TR
BB AR . R E KRN 19 F129 °C, JFH K AR E A N 0.33 fr 6.66 mg/L, AT
H20dW e Eh. £REx: OR—EBALZHT, REFET UL ED #IRE ROS X
Fo MBEHE, ROS K-FHiE. @ 0.33mg/L ik /& 4R H ROS /K -Ff1 DNA {5 7 & 20 X
2 EAE, 19F129°C T4o5 AT BAR 22, 2941 1.8, 2.2 14%F; @i E . SOD 7%
M. ATP BgiE 4 T, 6.66 mg/L % fF 41 ROS K44 20 Kit§ % L7, 19 f129°C T
B AT R4 6.2, 3.6 1%, DNA 53 hn, @i & . i &k R fo ATP BgvE T
P, SOD B 7E M 75 % 20 K. 29 °C B[4 % % /N (36.4+8.4) U/(mg-prot). QK H % 7 £ 4
MEERE T, KBFHEE LA RE ROS AF. DNA H45. 28 &4 . ATP B %
HEFREXIER. FREXW, HERAMRY D FH R H ROS K-FFf1 DNA #H15, i
EHETEERAEAZBENREERE KNG E S, BT VRN EMw R AE K &
B, RAHRERIZHIMAZTLARE T EE AN AR E. RFAXTHIREAE
FEHERAEGTETWEFENENBEEEARRESE, HFEHESARIFERE
KA.

REERE: BH; REIRAA; BEAE; BWEAR; A, EHEA; DNA Hi15
FEDES:S968.31; X 171.5 MRKARERS: A

e [l T b DX % P 3l 3 R PR B T e R R
BUAIR T AIAY G, A ol S A% R 7 AR B RE R

KR vl Ve BEBELS R ORI TG BTG, AT Z
Ja XCHEE TR RS A A A R AR,

HA 30%~35% #%7A8 Jrifig, o iy PGl i 18 )
IRHEB BRI AT Y, sRERAFEY F i, IRHEKHEK A
B3 0.1~0.2 km® P 2518 7 °C BT, 2~
3km’ VU NG 4 °C BT, &4b7E 20 4D
WIEAE R oK AR5 5 7K K Tl B 7K 3 B
FBY, BEEmR T ke, Sfp) ZHT
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JEE T v R 25 A SR A S AR T g TR a5
KEA 80 ALk T A7, Aegety
WF5E T A 52 T 25 ) 5 8 A B0 (Gobiocypris
rarus) FEVE RIS PERT 200, F5 HHH B (A 20K
O NWERAN, A 1.5%) B EE W E Y 5.6~18
mg/L 4361 28 d Bf, SOD %M i E 4l . Valar-
mathi S5 JR5I AR FNGRY LCso {HRY 1/10 F11/3
W98 T HHF & (Sesarma quadratum) F&E MHER ,
KA 1. 7. 14021 KA, ST RS T
TR A S TR HE 2L 23 190 00 ) 2580 0 o 5 e 2 9 348 g
I SRERAEN K IR RE RN O SRR (Acant-
hopagrus schlegelii) /i AL ] 2 AT B[R] B3 4 AR
W o AL SRR Y AR R R A 2
X — K AR WA e, XK AR RGBT
LEARR A SR 2 AR S, RS M K A 2
RETHYIRIER, RABRKERRGER T .
Cao S5 H5 1, BRIV 75 B AT v BE 1Y) Y% SR ik Wk 2
T, HLRRE S (Microcystis aeruginosa) Fl/INEK
(Chlorella vulgaris) 28 i AL AL 2538 .

Vel (Tegillarca granosa) J& ¥ AKSHH)1] (Mol-
lusca) S 5¢ 44 (Lamellibranchia) %) ik H (Taxodonta)
WA (Arcidae) YRl )& (Tegillarca), J&—Fh) bE
e DU, — e 43 A 76 0 1L AR DL Rg T 1 b X
T miH AT B A [ i K, B hRe i, &
by Fe EACHE TS Yl TPk iy U8 B R R 1
2B EEm, B, ERSMTR
AT E B AR A AR St R0,
AT TSI BRI 537 2K L A9F UL B T e A i S
AN LAYCIH A A 2 i e v U1 28K 1A 3 19 450 fk
Ml o, AL FEVE AR . ANMTE P . A AR IR ALK |
DNA $iffi . SOD I F1 ATP B & M55 . LIk
s AR R TS A R AR B b
M BRI 2 &R, T B A S XU P4
SRR

1 MRS A

1.1 LI

SIS FT Y 2 R SR WA SN =0
B (28°53'N, 121°36'E), pEHfaME, MM —Em
A&, WIEIRE H (10.54+1.46) g FK N (21.66+
1.65) mm. 5% %5 K (20.69+1.03) mm. 7% & N
(24.46+1.27) mm, FHEER RN 5 min 47 5
NKFEE 7, BRI 78 SOF TR A B 52 50 i #
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HBE (19, 29 °C), WL N 15 °C, K ekt s
Jy2dit, BRFHE 2°C, —Ht 2 KAaFikF 19 °C
ZIEIF BRI E TSR, 5 7 KafikH|
29°C, ##3d, WifltFEAF TS0, R B
9:00 #a/K 1 WK, /K&K 100%, FMRE & 10
i ¥ (Platymonas subcordiformis).

S5 T R R 7K R WA TR K ™ SR B A 5T BT
THVLHEHLZE 24 h DL ETTE RD I8 5 0 R 05 T 1 5
(121°E, 28°N) RERMFK . Lk, MWRKAJEAS
AR, FRIOKHET 2 h, KGSCE K T A,
TR B SIS P IR BE R BE (19 °C. 29 °C),

1.2 SCIgit

FHZEIB KA A TR AN (NaCl0 2 A4l B B A%
W 1.5 mg/mL YRR, BLECERAT, i 7
B ARAT 2 0 YR Y B AR S 96 h R B
66.6 mg/L, H1 I K 5256 Wk B R 0.33
mg/L (0.005%LCsq) F1 6.66 mg/L (0.1xLCsq), LIRS
UE S5 R MK 2SO R L g IR B R, ¥ 0.33
mg/LfE MKk B4, A FRC1E R ; # 6.66
mg/L fE W 4L, F FRC2 F£oR. ERIMEIT
KR4 R 22 - 2K IR 43 29 8 15 125 °C,
W CEAKFARE) (GB3097—1997)" FiklE .
O 2 SR IU 2RI Ry a1 K TR T A A
MY HL Y 4 °C”, ORI BE 4 °C IR T,
BILL 19, 29 °C 4 AL A W =R THE Il . 5
ALV 3 AT, AT 20 d B FHIE S iiE
BRI SR, SRR H R A, R
R A ERK, Wok)E, S RIS B W0 A
B, TEURMTEEE 1 h S FO A B A A
FEAR IR EETE (19.040.5) °C F (29.040.5) °C.,

13 HEARERALE

RSB A Bk 24 RN, EMAEEE 1.
10, 20 R#FATHURE, WRASLIG A REYLEEE 6
Ry, AP 2 Ho S5 0.1 mol/L A Bk
v (PBS, pH 7.4) thyk 52K, SR/ M 200
uL RSV AE ARSI P RS I rh Otk 2, g
HUEHZ9H 600 pL, FHF @ WG 480, A0METs 14
AN AL A 3SR DNA $i 4055 BOJe it eI e 2, ]
A PR K wh LRI, A H YR T 2978 0.2
g, BT ERET | mL HFE, REAEGEE
T-80 °C &4, M THEEIEERIE . SLgn it #
PR N DL S SF 2 W SIS AR SE T4 BEAR
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KR ] BE AT o
1.4 SLI8HE

RAMZ T E RIEE PONSEL fH##X
IR AT A (Multy8302) K H: e 1550 I 7 i 7k v
AR S B (B 22 R 45 AR 97 A 1 HI586—2010),
DPD %, ®HE 0.1~6.0 mg/L), 4 17 5 YK iR B v
M (A501944-0500, A= T/EY) TARE B BAD AT BRA
Al FHZEIRKFR R 10° f5 5, FHAE % =K B A X
(Multy8302) I3 ¢ & A (1.50+0.02) mg/L, RBP4
A IR BN I W R 100 A5 B, BRI
7 1.50x10° mg/L. % B LK R R 0.33 mg/L
F1 6.66 mg/L, %K e K B 43 B 0 6.60 mL Al
133.2 mL B (SEHKIA 30 L),

Pl 310 Bl T PR AR R I e SR
DCFH-DA %561, A il &8 738 = KA W F
HABRAE] . Lm0 D B U Bk T, SR HI9E
)t @ #BE (Eclipse 80i, Nikon) it . M. K H
H TmageJ #X 4 (http://imagej.nih.gov/ij/) # 17 I &
3T, BARGHTAERITT .

%% J5 1 5T IT Image]

@ $TH K A . File—open (K Ctrl+0);

@ HeAful, 8 bit FIKEEE: Image— Type—8-bit;

@ MR . Edit—Invert (B4 Ctrl+Shift+
D);

& WIE% % . Analyze—Calibrate, 7£ 7 H
B i Function 1% £& Uncalibrated OD, Jf-7F FL 1M
72 F 721k Global calibration, R)5 S A FAK
OK;

© BERRI & B (—OERRR R, WA W
B LG, o AT DL BE B AH N B2 ): Analyze—Set
scale, {75 7E5H A FLIHI H 24 click to Remove
Scale, /)i Global, #xJ5 5 OK;

@ #FE I F W H . Analyze—Set Measure-
ments, 7E 5 FEH Th L EERT R I &E I0H Area
Integrated density, Jf-/J#E Limit to threshold, £+
J& siifi OK;

PR {8 . Tmage— Adjust—Threshold
(AHED Ctrl+Shift+T), ¥ 3l 1 v ] B9 1 e ik 4
A WEE, (EE R R AR AR N4 ek
th, ZJE s A T AR Set;

© il & . Analyze—Measure (A N Ctrl+M
B E R M);

10 i SREAR I . SR Y Area S 40
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TEEIP A, IntDen 2411 IOD 6% FE A9 &
Flyo 25 A i #dE P LS I E] Excel S
AT, [RE I B 22 5K R S B A
HEA T e AR

TP = M)

rea

4m JitL 75 P 8 ) FH MTT ¥, Bt
FIE W T3 = RAEDFHEL A R A (C0009S), 58
S DR MU B T, It AR (Y (Multiskan
Go, Thermofish) Il %€ 570 nm I AL W E(E

A 29 oL, B B 4 M ST ML 29 JHE A 4 F
JEARE Cima 51 Y 3L IR N DA . B 100 pL
I3k 2 5 100 uL Bi] (G (Solarbio) 45 Lk il VR 5
A 1 pL 2¢ 6 EK (invitrogena), 1R& #1724,
FE T CE 30 min 5K (4 °C) 1 h &b, 28
Ja A 100 uL 2.5 % % [, HI/E MG, #EfT
EiRye o, JOFENIRAE BT 1000 i 5
(Eclipse 80i, Thermofish) FWL%¢, JF&ITHIEE,
FAFEAR Y BEHLGE T 3~5 %, B RBEHLIEEL 100

ALY 2 i T4t
DNA #1% 44 ) 2. DNA #5475 41 72 2% FH

500 (Comet Assay), SCOFR B4 it 5 fist B Uk 51
5% (SCGE), Jir k7l & A Cell Biolabs 2\ H]
(STA-351), #ZRRULHI B HEAT S0, RHIZEG i
%% (Eclipse 80i, Thermofish ) MZ<HE . #1M . 77
Bk R, FH Image] B4 (http://wsr.imagej.net/dis-
tros/) 43 B JE B 1ML 20 e DNA B9 & 2K R, Wl &
BPOEREE A MR IPOEIRE B 2K L,
BB RIS 3~5 K, BRI BEPLIEH
100 A~ LA By 40 i 0 T 481t . R BT 2 200
DNA #5475

B
DNAiH = S @
BeE v ey EEAELEE (SOD) 1Y

DU SR FH B RS S T, — BRI AR T B (Na /K -
ATPase) [ K F AL L ik . DL r a5
&l AREKELEYRHEARA A (BCO1TS,
BC0065), #f i S8 H & & E i HE = XK
BCA i{5fl & (P0012),

SOD JE T E A
IHIE 43 % = (DAZS H — AADIE) | AAZS X
100% 3

FEAEAS ] 20 FAE 30%~70% JEFH N
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SODE = M 435/ (1 - il F 40 )
Vigsl/ (Ve x Cpr) x F @)
X, Vg pRm REBLEAIR, 02mL; Vgmn
A SRR Z A REAARL, 0.018 mL; Cpr Fnft:
REAWE, mgmL; FRREARRBRL
Na'/K'-ATP Fd MR HRA K
ATPRETEE = ChREAE x (AE -
AXIREE) | (AR — A%S F145) X Vg / (Cprx
Vi) /T ®)
A, CHMES RRRUESEE, 0.5 pmol/mL;
Vi Fn BRSO EAARBL, 025 mL; Vg RR A
FEAMRFL, 0.1 mL; 7 3FR/RKNETE, 10 min,

1.5 BIES

JI A B fit I S (65 1fE 2% (mean+SD) 3
N, DAIRSEAEAS ¢ K 5 43 B 28 E0 RE 2 AE A [
TR EEES . L E I 225011 One-Way
ANOVA K 56 FH [F] 7L B2 T AN [ vk B 21 =22 [ia] 1) J 3%
PEZE 5, SR SPSS 22.0 483 4k 4 # Tukey [G 8k,

Dunnett [& T3 22 5 3877 1540 B AS [R) Ab 241 Fn 2s
F 2 Z (B 9 25 5 2k, >4 P<0.05 I 4E it B
F2E5S . UMK R 258 Two-Way ANOVA
(SPSS 22.0 H ) R g L T . i B AR A X A
EV R (PRI TE = Anp/ L= d SRS A
P<0.05 Jy 22 5 W 3% o 1M J5 2K A Origin Pro 2019 %%
PREAT I

2 4

2.1 REFAESIRHE NIRRT

MALHEAR RS RERY], FE5E 1/ 10 K,
T BE T = % U mif ROS /K TG i 3 52 ) (P>0.05)
(F 1); 16520 X, WETHEXTJERT ROS KA
R (P<0.05), IR, ROS K& .
55 1. 10 A1 20 KREAE AR T =, De Rl i 2 7 s
R LIS, (055538 IR T = % e it i
4 i A Wi R 24 TG W 2 R TR (P>0.05), TEER 1. 10
120 K, JRETHE XU R AN IS . DNA #5147 |
SOD itk . ATP B PRI 835520 (P>0.05),

1 MIBE QW REFESIRMHE IR IEARE ST

Tab.1 Independent-sample ¢ tests: effect of temperature rise on oxidative response indexes of T. granosa

AL R bR HURE R A]/d 19 °C 29 ¢ PfE
oxidative response index sampling time P value

KT 1 100.0+£25.3 113.7£10.0 0.057
relative ROS level

10 100.0+£37.7 144.8+18.2 0.137

20 100.0+£7.5 193.0+14.1 0.001"
0 B v T 1 100.0£6.6 101.245.0 0.806
cell relative activity

10 100.0+£5.9 98.0+5.3 0.678

20 100.0£12.5 94.7+5.6 0.540
ER e 1 28.40+4.40 33.2442.06 0.232
the phagocytic rates

10 30.94+2.33 35.03+3.46 0.238

20 29.02+3.35 33.13+2.55 0.240
DNA#i 1 1 100.0+19.5 97.9+13.0 0.882
DNA damage

10 100.0+11.9 99.7+3.4 0.974

20 100.0+£23.1 98.2+10.3 0.910
SOD3 1/(U/mg prot) 1 97.54+9.23 92.23+17.59 0.563
SOD activity

10 81.11£7.25 80.72+7.70 0.936

20 86.51+18.73 83.48+11.67 0.767
ATPEFEP£/(U/mg prot) 1 0.90+£0.08 0.92:+0.08 0.701
ATPase activity

10 0.98+0.15 1.160.07 0.052

20 1.13+0.13 1.07+0.09 0.418

TE: WEPESEURSE . AiVETE . DNABVGSRAMRHE T CEHAL) » *FoRZER R (P<0.05).

Notes: relative ROS level, cell activity and DNA damage extent were measured in relative value (no unit), * indicates a significant difference (P<0.05).
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22 BREASMBEERSIEMH ROS 7KFERY

20

19 °C B, I J3 20 0 i e 5 41 8 i ROS 7K
A 1L 10 KA A AR L JE i 35 25 7 (P>0.05),
55 20 KA B4 AH L 2 T = (P<0.05), 435I
XFHRALY 2.2 £5F0 6.2 1% (K] 1)o 29 °C B, RV
H IR ROS K45 1. 10 KHINERELHAH Fb G i 3%
Z 7 (P>0.05), 5 20 KA B8 AH H B T
(P<0.05), N X%t BR 4 (%) 2.9 1% . & vk 4 e i
ROS 7K 565 10 A1 20 K F X 18 2 4 HE 2 3 T+ &

(P<0.05), 433h Xt HRAL Y 2.1 F1 3.6 fi5 o
30 1 ek
[ FRCI1
2.5 | mEFRC2 g

20 t

TE MK
relative ROS level
n

1.0 t
0.5t
0
1d 10d 20d 1d 10d 20d
19 °C 29 °C
2H 5
groups

E 1 REFSMEE KSR E M E KRR
CK.2 X iR 4, FRCIL. 0.33 mg/L K41, FRC2. 6.66 mg/L K&
Ho F—RE. B, NERKRET, ARFERRERES
(P<0.05), Al

Fig. 1 Effect of temperature rise and free residual
chlorine on the ROS level in T. granosa
CK. blank control group, FRCI. 0.33 mg/L group, FRC2. 6.66 mg/L

group; different letters indicate significant differences for different con-

centrations at the same temperature and time (P<0.05), the same below.

WHZE T 2R En, 110K, &
I T v R S A AR A ROS Jese AR AT, iR
T+ (1d: P=0.001; 10d: P=0.000) FIiiF & 4
(1d: P=0.035; 10d: P=0.001) %}y E50% . 4
20 K, BT R R B A R B X R i ROS HAT
WEAZH AR (F=21.708, P=0.000) (5% 2).
2.3 REFASTEE S SR E AR

19 °C B, AR B 20 U i 4 A 75 PR SR 20 KA
Xf B CZH A LE 3 AR (P<0.05), X R4 R
76.1%; e W B ALY i AN 0 M5 100 20 KA
HE 41 A1 FE S 35 B AR (P<0.05), 43 W1 4 X IR 20 1Y

R E K7 2: 2 E /) sponsored by China Society of Fisheries

63.1% 1 54.2%, 29 °C s}, AR Mk & 20 V& i 20 i 3%
PESS 1 KAFNXT BB 40 AH L TG i 3 22 5% (P>0.05), %8
10, 20 KA RE AL AR L 2 3 REAIK (P<0.05), 4351
Sy %t BB ZH 11 80.0% 1 70.0%; 55 Vi< Ji 25 e i 41 ity
TEHEFESS 10, 20 KW EFEAR (P<0.05), 435l %t
REZHI) 58.4% Fl1 45.2% (K 2).

MR E T s R B, 1. 10 f120 K,
L E T o R 5 A SO Y I 400 e 9 P TG 3 AR L
fEH . 55 1 REFTRERN, 5510, 20 K, JEEE
FHE (1d: P=0.020; 10d: P=0.001) FIjiEE 4
(1d: P=0.000; 10d: P=0.000) & K FR0 (£ 2).

2.4 REFEFREE R ST R M 4R/ Ak AR
A

19 °C Bf, 25 1. 10 A1 20 KX B8 25 Je i 17 1fi
i 7 R BRI R B AR, Ch (28.4%+4.4%)~
(30.9%+2.3%) (1] 3)o AR 55 2H e ik 1l 248 e 7 s 242
FOXT R AR L34 T B 2 22 5% (P>0.05). ik
TR I 4 AR RAE S 10, 20 KA BRZHAH HE i
AR (P<0.05), 4331 HRLHY 56.6% F1 60.0%
29 °C I, 55 1. 10 F1 20 KX R 2H U mit i 20 fts 75
MR LA, M (33.1%+2.6%)~(35.0%%3.5% ).
VG e JEE 2L Y I 240 o W 3 AT R ZH A 34 TG B
F a5 (P>0.05), 1= W JEE 4 R i iy 4 i 7 g R A
AR T X IR (P<0.05), 433 %R 33.0%
44.9% F1 45.8%.,

WHE T2 aRE R (R2), 1K,
L FEE T o R 5 A O R i I, 4T o e v e EL
B HAEN (F=8.106, P=0.005); 5 10 F120 X,
TR E T v N 5 A SR G U I afi, 40 7 9 G
FAHAEN, WA EROY (10d: P=0.000; 20d:
P=0.000).

25 BEASMBEERSNEIH DNA 58

A1)

19 °C B, Ik & 20 U2 il DNA #1455 2 20 K
Fxt B AH L 2 25 T 5 (P<0.05), SAXTRRZHAY 1.8
fi5 (1 4, &l 5). & e B 28 Je it DNA S 45 55 1.
10 1 20 KA BRLLHH L35 8 25 TH & (P<0.05), 4
BRIy 2.3, 2.6 A1 6.0 f5. 29 °C Bf, {Kik
FEZ U I DNA #1053 Fh s, 55 1 R0 20 K i 5t
B (P<0.05), 433l A B4R 1.5 M 2.2 f%5, &k
JEE 4 e DNA 4555 1. 10 F1 20 KA1 18 2H 4
Fb ¥ 5 2 TH R (P<0.05), 43 9 k%t BE4H Y 2.7
4.5 8.1 f%.

https://www.china-fishery.cn
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®2 REF SRR N M AR R0

Tab. 2 Effects of temperature rise and free residual chlorine on oxidative response index of T. granosa

F/ZZH.  factor/interaction

LIRS b SURE I i)/d S - S—
oxidative response sampling time T = REIE TR FE
temperature rise residual chlorine concentration temperaturexconcentration
UK 1 F=16.259 F=3.752 F=0.104
relative ROS level .
P=0.002 P=0.054 P=0.902
10 F=43.623 F=22.737 F=5.648
P=0.000" P=0.000" P=0.019"
20 F=95.411 F=286.470 F=21.708
P=0.000" P=0.000" P=0.000"
1 LR X A 1 F=0.002 F=1.483 F=0.035
cell relative activity
P=0.967 P=0.266 P=0.966
10 F=8.123 F=67.235 F=2.210
P=0.015" P=0.000" P=0.152
20 F=7.749 F=83.356 F=0.279
P=0.017" P=0.000" P=0.761
FrEER /% 1 F=0.380 F=26.698 F=8.106
the phagocytic rates " )
P=0.549 P=0.000 P=0.006
10 F=0.779 F=24.002 F=0.787
P=0.395 P=0.000" P=0.477
20 F=0.004 F=30.539 F=1.300
P=0.950 P=0.000" P=0.308
DNA# 1 F=1.694 F=95.471 F=1.403
DNA damage -
P=0.217 P=0.000 P=0.283
10 F=20.290 F=160.119 F=26.059
P=0.001" P=0.000" P=0.000"
20 F=41.253 F=958.444 F=28.287
P=0.000" P=0.000" P=0.000"
SODy#£/(U/mg prot) 1 F=0.134 F=13.550 F=6.550
SOD activity »
P=0.717 P=0.000 P=0.005
10 F=1.019 F=6.418 F=1.016
P=0.323 P=0.006" P=0.377
20 F=0.503 F=18.020 F=0.473
P=0.485 P=0.000" P=0.629
ATPREHEM/(U/mg prot) 1 F=0.131 F=5.729 F=0.029
ATPase activity .
P=0.721 P=0.009 P=0.971
10 F=0.208 F=46.131 F=11.536
P=0.653 P=0.000" P=0.000"
20 F=0.039 F=60.863 F=0.815
P=0.845 P=0.000" P=0.455

e RN ZE R R (P<0.05), **RIRZEFREE(P<0.01).

Notes: * indicates a significant difference (P<0.05) , ** indicates an extremely significant difference (P<0.01).

WRE 20 RER, 61K, RET
T RIS A N e i DNA $ 455 76 583558 HAEH
W FE S RN (P=0.000), 45 10 #1120 KX, S
I B A G T DNA #5145 HAT 1 25 28 TAFE )
(F=26.199, P=0.000; F=31.440, P=0.000) ( 2).
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26 BEASMEEREAXEH SOD EMHER
A

19 °C i, %5 1. 10 il 20 K X &4 Y8 A iy
SOD ¥ 1 2 i s A8 fk, JEHIH (81.14£7.3)~(97.5+
9.2) U/mg prot, {KHkJE 4 JEM SOD M5 1 KM
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Fig.2 Effect of temperature rise and free residual

chlorine on the cell activity in T. granosa
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Fig. 4 Effect of temperature rise and free residual

chlorine on the DNA damage in T. granosa

X R AH EE B R A (P<0.05), b Xt HE AL
55.6% (& 6). 4L SOD I PE eSS 20 KT i
FAR T X (P<0.05), A XF M B 55.4%.
29 °C I, 55 1. 10 F1 20 KXf B 4H P tif 4 4 SOD
TR WS AL, A (80.7£7.7)~(92.2+17.59)
U/mg prot, IRy 41 SOD M 5 X} FRZ1H Lt
E R AL E (P>0.05), HikEH SOD G PE i
FART X IR 4L (P<0.05), 7 AW (20 d) BHRE
Bi/MA, X R 43.6%.

WIHZEFEZoa R BR (#2), 1. 10
F120 K, IREE T v R S A O e I SOD i P
YWLBELEEM., 8 10 KB ER, 61
20 KBF, EROV AHFERE (1d: P=0.001;
20d: P=0.000).

FRC1 FRC2

19 °C

.5 Etéi
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Fig. 5 Pictures from comet assay
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Fig. 6 Effect of temperature rise and free residual

chlorine on the SOD activity in T. granosa

27 BREHASMBFEERSIT R Na'/K'-ATP
B 55 14 B 220

19°CHF, 25 1 . 10 A1 20 FK X} HE2H Y 4 Py
ATP Bl 1% 1 2 W 3 221k, 5 (0.90£0.08)~ (1.13+
0.13) U/mg prot, ¥k &40 Je il ATP B3 M 7E 56
20 KB I AR T X IR 4 (P<0.05), X} IR 4L
70.8% (K1 7)o HeE4L ATP BTG PE LRSS 10 A1
20 KB i K F X R 41 (P<0.05), 7E i ia & #)
(20 d) F& e /ME, U XTI 51.9%, 29 °C
W, 55 1. 10 A 20 KXt BB AL YR MR Y ATP BTG
PEESESE, A (0.9240.08)~(1.16£0.07) U/mg prot,

IR BE 41 YR if ATP BTG PEAESE 1. 10 F1 20 K3
R TXT IR, B B4 ATP B s 34 2% T %
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Fig. 7 Effect of temperature rise and free residual

chlorine on the ATPase activity in T. granosa
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W& (P<0.05), TE55 10 KEFREE R/ ME, X}
HBRZH 1) 46.7%.

WHZE T Zras R ER, 510K, BET
o R B A ST R I ATP S M LA B 38 HAR
H (F=11.536, P=0.000); %31 F120 KX, &
U 2 Ay S YR ATP 3% 1 JC (. 35 28 TR
(F2), EROVRWEEAE (1d: P=0.006; 20d:
P=0.000).

3 i

3.1 REASIEHME LB N

I EE T s 5 5 A WK 7 A2 ROS, TE
SOD {fi, ROS FREidZ 2 FH AW AN
ABEFEH, 19 #1129 °C K, ROS KFAESR 20 K
B E T, SOD ¥ Kz HoAt S A e 1 5 5 A DL i
FAAG, ATREMIEE . DU RIHE—Fh) T B ST
DU, IEEAERKERE A 13~30 °CM, X B 1 IS
VS FE ) o 19~29 °C B, YR A 7= A4k 1 3 1
SOD i P4 K oAt Ak e 17 48 bR B Ak o B — i A5
Xf 4 Fp EE AT VLR BN Z B G, dAs e
W > 4 W5 (Crassostrea gigas)>%i W% (Sinonovacula
constricta)>Vi Ul (Mytilus edulis), 1£X 2= H KRR
K A 28 °C Y, Y it 19 48 hilfi Bt # i K AH
(CTMax, critical thermal maxima) >4 39.3 °C, @uif
KA —E MBI TRE TP, R XS B B
S 23 B A I ) A A T W O . AR5 v e i
TETF IR B A BT HEAT 7 T HR A 7R, (e it
AbF 19 #1129 °C T, HAKN SOD i 11 Mz H Al 450
A 7 48 bR AT RE C KA 2 P AR

32 HERSXRHEAEMERN

W B A RAT R ROS K-F 0% B
AR AR A& —Fhag AR, YR T
Tie 25 A A M aE FREE I, LR AT ) 77 4 ROS, 4N
0, . H,0,. -OH, NO-ZECilf4MNEE, it 72
SR R O R TR R A, A
S AR AL e, SR & A0
R AR, AR R, JE AR —
B A5 Y g 5 B A N ROS 7 & 19 18 i &
GSH i, GST I PERIFRAE™ . H,0, AbF AR
FEANIRE &2 SH-SYSY Ji, 4077 R 8 T %,
YN ATP il GSH & i & T, M =4 7T
BRI AL ZEMAIRHR B2 19 NaClo e T,
] S R TR/ NER BE A ML N ) ROS 238 im, &
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MBI A @R, FHOLAER, ki
WYY, Rk, ROS AR B a1 AR A 1
FHAT SR A5 o i 25 it 3 % S0 B [
FEA, YR A PN () ROS KV T, vk A
ROS MR 35 T X HRA, A7 i 1] 200
RMFNRRONEER, RIH BRI
GIERISEN A

B AR SOD EMFHm  SOD
YRR R G P R B AR, R LR AL
SRR i CHEE Y, BT DAL
AR T 5 S B RO AR R A, M ik b
R IR AE R ERY, Yz 34
RS THemr, ARue =Y A Bk 9 i SOD
TR, AR AR < F 4RO,
W JE R S B H ] SOD G PE#a % . TEARFSE
Pk B E T, fERZENIFHE, il SOD
IEMER TR, MRS, W R
WL, SOD Wi thk/N, JiE s A EE T, U
A P P2 A KR B ROS, — 7 18T -5 40 L P 9 SOD
FEAE RN, HGEHFE SOD; 5 —J5 i, ROS £if
S5 SOD, HEMiFE S £ i) SOD IR T HAE &,
M It SOD i 4 B, 78X HoAl /K 7= 3% SOD 1%
PER RS, RIS, 85 (Danio
rerio) B 5 TR ALK, SOD W& VAL, BE&
FUR B AR, H AR AR (Macrobrachium
nipponense) SOD 15 P 2RI T [, IRIK 35T DL
PR RN Y, HAKPY SOD 1 M i 2 T B,
M SOD TP 7 T Ife S A PR A o i B2 IE AR
(HAAL, PR BV E T, SOD G oE S B
B

B A AT R ATP B & M 69 % h
Na'/K'-ATP fiff PR =@M AR 17/, J&—Fp) 2 77
T B PR A, e e R
(ATP) fiE LK fift Ry — R R 1T (ADP) FIE% AR AR 25
T, AN AR R, FE4ERR AR KR Na ik
Vi 5 i i i - Al AR R R AR R . ATP I
PR RIS ) M2 TR — A E 2445,
1M 5 ATP BEeA WL Y 0 BAREES, ATP &
TP T, = A4l B0 A R AR
TR A 0N, A0 B s P L RIIE T ATP il
EAEH, PR BB I 5 B0 1 25 A 2 A, 40
i S35 ) B8 2 e A 2 B AT B R T
PEFRE . ZEATFFE Ui B8 Ay U £ e 44 iy
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PR PTG A AL, (A YRR AR s
Ak, R T AR AEY DG, RS2 ATP
I Pk o

B A AT Rk o fm OB 0 F ok
ARG 2 30U I I 200 ) 20 3 4 R R . ROS UK
ST . ATP BTG T X = A4 BB FR bR
A5 A TT 8 2 it T T o 40 7 SRS oA 1 A
T, U A S 30 ol Ui £ Y 200 L e
TR AFIE IR o8 AR A Y AE S Bl AR
20 L ) A B AS 2 ELEE RS AR W AEOR . S A Y
TP, WM Z ARG T TR 20
WG, SR SREEEEEHE N TR, Hak, e
PR AR A R E R, — BEANUIER, &
B HUA = A KR ROS, % 1L 40 0 i 05 2
e BT (e I Z5H 20 L B B TRY ( le B XL RS,
BREARWAASTIRR, XEREAIR RS Z
)5 S A 1 4= ok T S BOE D RR A2 0, IR
AW FE B AT A B AR, X —
R 3 MRS At M R (e R TR, AL I U 5 A S |
ALV P ROS 9 T =5 4R 1T A2 I 48 f 7 Wi R
e R R 22— 55 =, Ui B A S0 4l U8 it 44 Py
ATP FE R T R A W AR e 1t 1 A= 1T ol ik
B, ATP [ M4 HESE W RERSCR, a2
FECEWENETE TR

B AR R DNA M6 %m AW
SERM, BRPEY S AA AT LI At AR ROS BT
B DNA #5135, ARBFREE RAIES: TiX— % .
1 umol/L 1-ff S EYLHE T, A b K2 4 i A549
ROS B &N, S5 DNA fifh, HEMHE-%
NG R, BDE-47 fgtlifs S5t G rfiG . 4hikr
A AR N, ROS 2175 & IR & A= DNA 45 43 1)
FRER, BB RS ROS KA T i
m AN, AR TR R B, Ml
DNA #5455 5 W 1A 25§ PF6 1 CL (1% 2 F 4 B
() 77 7] S A5 RN B ] B0 G R, S AR ST 45
R—F, TR MR PR e N, A SR AR Y
ROS A W3R Zo#H h FHam KD, stais
RN G 7k AT, ROS [ H3E R A i 3
PR I T 6 R 1 BE 1) S, 6- U E AT N
TE M s i [ L, ROS [ H R 23 568 il i 1)
Wi%d, FH M DNA BRI T SR T, 2
e C4 MBI A R F AR, K5,
I B R SE TR - R AR R AT, 1 A DNA
i
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33 BEEASMBEASEKE X RIHS L
YR

HHT, 28058 200 i — MBI
AV R, 28T BRSO R
WRAEEE T, KR FEAEEA O . A0F
FELLVVRMI X G, JF R 2 R RS RN 5T,
7 T D T T v R S A SR X DR i ) 4R A
e . PR AE AR R, R T R R AR
B Waa AR T, X PR i ROS ZK-F- | i 248 fif 7 it
A, DNA $iffi . ATP BgihvEy =8 T B85 B AR
R R BE Y T ) 1 5 A SOK e i ) 4L
. EXH4H IS PE . SOD TE 0 W FH A AR,
W I et JBE T R B AR SR IR Y S L OG AR 2 P A
bR B FTA AN F] o AR T, A A
(Ctenopharyngodon idella) ) & ¥ 2% 52 W i} 58
Je BRI E AR X PK R CAT 33X 19 il I 1 7 A T
BELZEAER, fAXt SOD Ml MT %344 0 fik 3 58
HAERY, WAER 7 2 8T ARG SO A1
PRI ) . SR UL, REE, T
RE 2 (il BT A S s VR G 5, DA 72 A B R
AR R, BTER AR, BESA S
Xof e i 7 A TR B AL AR A

gil, PR ENATT, RIS 20 KAF
XF PRI A N ROS 7K -1 b i 52 ), T 8
ROS JK-Fllifg o Ui 25 A S BEXT YR MR N 7 2 — 7
FEEE R A LA, IR 7 R K ROS, JE i
S RN #E— 22 B Y SOD Al ATP g SF 7 b ik it
) ROS, fH/Z, & ROS nlk AN g 1 TR
YA AF AT B . DNA $i 4555 — R 91 & A0E i
IO o Uk T e R B A SR B A I, R
8 S e TR i 5 e EORT U A AR Ak a1
A FE ] by $5 735 T E A )T R T v R B A S
S5 Y P S 2 SR A FE SR R, O
H A S RS AL SR AR 24K

(1 7 9 A U 5K I 25 v A i A 35 o )
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Oxidative stress effect of temperature rise and free residual chlorine on
Tegillarca granosa

CHEN Lin '*, TENG Shuangshuang ', HU Gaoyu', XIAO Guogiang >, HUANG Xiaolin "

(1. Wenzhou Key Laboratory of Marine Biological Genetics and Breeding,
Zhejiang Key Laboratory of Exploitation and Preservation of Coastal Bio-Resource,
Zhejiang Mariculture Research Institute, Wenzhou 325005, China;

2. National Engineering Research Center for Marine Aquaculture,
Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: To investigate the effects of warm waste water from nuclear power plants on the long-term stress of
aquatic animals, the influence of free residual chlorine on the oxidative pressure of Tegillarca granosa under dif-
ferent temperature conditions were studied through laboratory simulation. Water temperatures were set as 19 and
29 °C, and two different gradients of free residual chlorine concentration were set as 0.33 mg/L and 6.66 mg/L.
The results showed that: () water temperature can significantly affect the ROS level. The higher the temperature,
the higher the ROS level. 2 the ROS level and DNA damage of T. granosa in 0.33 mg/L group were increased
significantly on day 20, which were 2.2, 2.9 times and 1.8, 2.2 times higher than those in the control group at 19
and 29 °C, respectively; the cell activity, ATPase activity and SOD enzyme activity decreased significantly; the
ROS level in the 6.66 mg/L group increased significantly on day 20, which was 6.2 and 3.6 times higher than that
in the control group at 19 °C and 29 °C, respectively; the DNA damage increased; the cell activity, hemocyte pha-
gocytosis rate and ATPase activity decreased; SOD enzyme activity decreased to the minimum value of (36.4+8.4)
U/(mg prot) at 29 °C on day 20. 3 two-factor analysis of variance showed that water temperature and free resid-
ual chlorine had significant interaction on the parameters of ROS level, DNA damage, hemocyte phagocytosis rate
and ATPase activity. The results indicate that free residual chlorine can significantly increase the ROS level and
the DNA damage of T. granosa. The combined exposure of water temperature and residual chlorine, which caused
greater stress pressure on 7. granosa, affected the physiological processes related to oxidative stress. In the resid-
ual chlorine discharge area, greater oxidative stress would be faced by 7. granosa in summer than in winter. This
study can give a reference for studying oxidative stress toxicity of marine organisms exposed to warm water com-
bined with residual chlorine, and provide scientific basis for ecological risk assessment.

Key words: Tegillarca granosa; warm drainage pollution of nuclear power plant; temperature rise; free residual
chlorine; oxidative response; ROS; DNA damage
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