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Toxic Effects and Ecological Risk Assessment of Oil Spillage on the Shellfish

SHEN Ang-lv, TANG Feng—hua, SHEN Xin—qiang"
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Agriculture, Shanghai 200090, China )

Abstract ; The toxicity of oils to aquatic organisms has been widely investigated, but the effects and ecological risk assessment on shellfish of
various oils have been ignored. The integrated effects and ecological risk assessment of four crude oils and four fuel oils on two shellfishes
were investigated by magnetic stirrer and ultrasonic emulsification to simulate oil spillage. According to 96—LCs, values, the toxicity of oils on
Crassostrea plicatula was as follows ; F180=F120>-20*>F380>TJ015>TJ014>TJ002>TJ016, TJ016 and TJ0O02 to Crassostrea plicatula be—
longed to low toxicity and medium risk, TJO15 and TJ014 to Crassostrea plicatula belonged to low toxicity and high risk, F380 and —20* to
Crassostrea plicatula belonged to medium toxicity and high risk, F180 and F120 to Crassostrea plicatula belonged to high toxicity and very
high risk; the toxicity of oils on Sinonovacula constricta was as follows: F180>F120>-20*>F380>TJ002 >TJ015>TJ014 >TJ016, TJ016 to
Sinonovacula consiricta belonged to low toxicity and medium risk, TJ015, TJ014, TJ002 and F380 to Sinonovacula consiricta belonged to
medium toxicity and high risk, —20%, F180 and F120 to Sinonovacula constricta belonged to high toxicity and very high risk. In general, the
fuel oils were more toxic than crude oils on these two shellfishes, and Sinonovacula consiricia was more sensitive than Crassostrea plicatula
stressed by oils.
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TEP, R DR RO AT R R Z . A
FEAEFEE MR I 4 FhIEIMAT 4 FpRRl, JFRE
Kot 2R Vg K 38 B DL 2 5 AR 41 W ( Crassostrea plicatula)
45 8% (Sinonovacula constricta) i 2 M FE MR LS, [F]
B TE AL E gl 8 il X DL 2R M /N RIAE RS
MU B HATERE VR, DA R PR i T g
Xof TR AT P A 0 B DR P 5 M ALK i Yok 1 2 A SR
—EMKRE -

1 T %

L1 ##
1.1.1 ZiRA4Y)

TR WRE B WL RN AT A Y
B 1, EHFEBHE . MEEF ARG K
5 F 5 F 158K (2.06+0.70 )em, S 58 T (1.48+0.42)
cm, RE (1.66£0.21 )¢,

SRR H WL S LM R 2 A
F¢ 18, R B R MR EFA R4 A%
5 145781 (2.344£0.29 )em, {7 (0.67+0.04 ) g,

1.1.2 ik

I 8 R 232 BB JE PU A Bt (TJO16 ) |
45 530 (TJO15) B BH B v (TIO14) | % 2 37 J5 o
(TJO02); #RHHHI—20* L3 (-20%) \F380.F120.F180,
HAZIE K ISR AP i it . 150 I B (R
RV, HoAYR BRI ), S FIRE i HEas 1
P 0.5 h, TR B DU AE R -k B S v , B
A PR (RS DL-720A)FL4k 8 h, LA AR
8 ERSHIOR . AR S MRS 2 (TPH )R H]
MBI ER, AR S ' LR 1.

12 ik
1.2.1 Rkt

uF BRI E AR T . TJI016 i &
>4 20 000,10 000.2 000 mg-L™ F1 200 mg-L*;TJO15,
TJ014.TJ002 43524 20 000,10 000.2 000,1 000 mg-
L™ F11 200 mg-L; -20* . F380 4354 20 000,10 000,
2000.1 000,500 mg-L™" #1200 mg- L™, F120.F180 43
A4 2 000,200,100.50 mg L™ 1 20 mg-L, FrEHk
FELH VD I JE T K AR vt B

450% 2 MR B R - TI016 BB
20 000.2 000.1 000,500,200 mg -L;TJ015.TJ014.
TJ002.,-20% F380 435134 20 000,10 000.2 000 .1 000,
500,200 mg-L";F120.F180 43 %1 >4 2 000,200,100,
50.20.2 mg L7,

R 500 mL AR rp kAT, Aol S AL B
400 mL, FHBA 10 ind. D12, KL ARE, HHT
96 h 2R, R FHKRAYEE TEEK,
7K 28 C+2 °C;pH=7.43~8.34, ZEIRX L6 TR G FE 2
h e — R Z R RFET- S, HR T EH 24,48,
72h F1 96 h BIFET-%,
1.2.2 Y %y DU A A 28 XU PE AT

1z R X B PH B LCsos AN R i X D12
IRV RS AP I IE AR RTES, HRYEAF
T AL IRHR R 40— LA — 45 b PR
¥k B R B E (EEC) Bl 200 mg-L7, 118X
RAEE(Q)=EECILC s, 8R J5 1 RE T2 A5 ) B A
R,

2 HBREHZM

2.1 EHTENEIEN S TSN AR LB RE
RIGHEAT 24 h B, FrA TS 32 R4 i
A HBGET: B2 R A TI016 20 FhH i G ik T
HEATIE 51, % B Pt SGE oK T A W B 2 B B KT
TJ016 ZH H4T1 , ol T 1445 ol iy 28 Ak B2 r A 257 XL
B, UL B SN A FR B B IR R AR TE e A
M, LI T 48 h B, BR T TJO16 Al TI002, Hofth
Aob B S5 R VR A R W B 2T, WK
F120 1 F180 41 200 mg- L™ ¥ & 21 o 4105 th 2 4R 5T
T, HAERUR B4 P At BB T MR, 245050
BT T2 h B, R T TI016 4 AP WRFET- Bl 42 85/, B
b5 2 B e VR 2 PR BT, B R VR B A R 4
WRFE T MAME Z . MIXIEERET, & IR RHh b 3
2 A FET- IS L R AL B PR, R R
THALFEZE H F120 A1 F180 XAl 2 e M =5, IR
T TJ016 AT URR R MR . 8 Bl &>t (] Bt
TR AFLN AR P BOIEVR B B A0 3R 2 Fis o R
P SR B 1 B4 DA K BOBE Uk B Y LA 3 R A5

%1 8 FiMRAEE RS TPH &8 (mg-1)
Table 1 The concentrations of TPH of crude oils and fuel oils(mg+L™")

T (0il) TJO16 TJO15 TJO14

TJ002

-20* F380 F180 F120

TPH 4.0 19.9 11.7

28.4

2.1 57.0 59.8 51.7
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T2 8 il o AR L A 5] B 1) B Y - B SR B
Table 2 LCs of Crassostrea plicatula stressed by

crude oils and fuel oils

R 3 8 i XA B B 1B B BT TR B
Table 3 LCs, of Sinonovacula constricta stressed by

crude oils and fuel oils

N [R) B TE B F) S B BT P /g - L

TRt B B Y B BT B fmeg - L

5 0il LCy of Crassostrea plicatula at different time M ol LCs of Crassostrea plicatula at different time
24 h LCy 48 h LCs 72 h LCs 96 h LCs 24 h LCs 48 h LCs 72 h LCs 96 h LCs

TJO16 — 83 573.1 63 716.2 6 866.1 TJ016 — 17 326.9 13 247.2 25171
TJO15 — 25370.2 61387 11763 TJO15 12 337.3 2918.6 1034.1 821.1
TJ014 — 21 394.5 47242 16955 TJ014 33 596.6 31253 1.096.2 862.2
TJ002 — 11 347.3 67473 27298 TJ002 24 299.1 31253 971.5 750.8
F380 — 18 162.4 1093.9 840.2 F380 4039.8 6 033.9 908.8 558.1
-20* — 2 549.5 565.2 239.1 -20* 213945 122.9 101.5 88.2
F180 — 131.5 111.5 79.5 F180 97.8 92.6 48.0 359
F120 — 1213 107.6 79.5 F120 109.8 98.0 83.5 43.8

Y BT 24 h B, KRB AML T AT BB T RO A Y BRIRHEFT 24 b B TIOL6 WA HBLFET ML T 24 h LCo T

£ 24 h LCx (AL iR

Note: There are no death of the individual in the most of the treatment

group at 24 h, so 24 h LCy is not calculated.

H  BORHIN i R Y B AN ZE K, B 96 h-LCs
HIRER E, GERFEIX 8 Fhih X 48 4 dr o i E
7 F A F B KR/ 2 :F120=F180>-20*>F380>
TJ015>TJ014>TJ002>TJ016,
2.2 RHITENARNEERN AR EBIERE

R HEAT 12 h BF,TJI002 ., -20% F120 F1 F180 4b
FHZH 4RI AU T HR R R, oA A B e T A
TR A 2H B PP 455 (3% 3h S 0 BRZE MR LU th B R 22 57, 45
IR HE KRS B EAR, T HARLE R AFIEAR
B, % BRI BE K EE 3 BN, SR TE AR TP 2
KFlizagh, MR P T 24 h i, BrA IS PR Rk
FEH 4 AT, Bk KA F120 fi1 F180
2H 200 mg- L™ ¥k B 40 AP 45t th 23058 T, HAth Bk
JE A 4R BRSO T MA . M5 AT 72 h B, BR
T TI016 HH 4R ST 8/, HAth 45 4H A im vk B
4 4t RFRAE T, MR AR B A h AR A T A
WL, MRILEHET , RIBREHM A FRL 45058 1)
FET- IR A LRI PR =8, [RIAEFERRRH AL 32
H1-20* F120 F1 F180 X} 45 4% 95 B AP, JRIM
1 TJO16 X 4458 ) 52 M B , 8 Tyt 28 0T 4 W8 F) 2 3
BN G F A 54— B, (B R AR IR TS YL B Oy
UK, 8 By AR ) B X AR5 A 2 BUFE vk B B
2 3 PR o B TR 3 LU IR A B N K, L 96
hLCs, FiRER L, G5RRIAIX 8 Pl XT 4Rl Y F& K
B EME R R/ NIF . F1805F120>-20%>F380>
TJ002>TJ015>TJ014>TJ016,

Note : There are no death of the individual in the TJ016 group at 24 h,
s0 24 h LCy is not calculated.

2.3 EMISEN NENZHES KRR ESREEE

I ERHREEFRT 1986 HIITH (AR
RAALIE (KI5 ) ) ol Ak 2 W R 7K AR A Y
BRI R 5 NEFR:LCs<] mg-L™ HREIE;LCs= 1~
100 mg L™ A& ;LC5=100~1 000 mg L™ A H1 &5 ;
LCs;=1 000~10 000 mg L™ /%% ; LC5>10 000 mg-L™
PR TCE 2 BRI, AT LAFESE 8 Fjmh v D12
BRSNS [EIRSHI] B 8 ol it X R85 1 45458 £
BRI HINIE 4 FIK 5,

JE J B A PR E XU F H(Q) R/ N B A 75
Yy KA AR M RS R BE 4 R 3 M 0>0.1
B XU ,0.001<0 <0.1 R 2R, 0<0.001 F{ER
B o B A A URIRZE R, AR 0=0.1 AR S XU MR
45 PETLAREE, KREFUEH T A EHS XA Y
B R/ NFIAE S KT B A TE B O AE G Bt
TR PRV o 0 A 2 RIS PR R B A v XU, F
TR A8 Y 0 2B 2 RS A R B 34 Dl Hh 8 XU , B PER
FREE A AE A XU AR B 2 D S A XU . (R
MR/ IN R (TR AT A 2 XU AR A R 2 XU
A XU, BIARPEM  Hh EE A A M E s,
WPIFF I REE S T FEASTRITM 0 DL S A iR A
AL, MR, F120 F1 F180 33X BRI X i e D
AR T TR A, DRI PR A X PR
KHITG YRR 4 FPIEIMAE 96 h Py X815 A9 2 A
BN, RN RS (RN R ERE , &
S3JEIM(TIO1S 1 TJ014) Xob g4t ity JRURG R B A v AL
W6, X A R M A 2 R B B (3R 4) AR
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R4 8 Fhit @ EEIRAF S RIAR EERKEFERE (96 h)
Table 4 Toxicity classification and ecological risk degree of oils on

Crassostrea plicatula( 96 h)

T 96 h LCx QfH RRE SR
TJO16 6 866.1 0.029 Hh U i3
TJO15 1176.3 0.170 =5 o &3
TJO14 16955 0.118 sl s i
TJ002 2729.8 0.073 cf XU &3
F380 840.2 0.238 U ik
-20* 239.1 0.836 sl s i
F180 79.5 2.516 a1 554 23
F120 79.5 2.516 AR e R i

RS 8 Fhid I AEH B RIAR ESREIZE(96 h)
Table 5 Toxicity classification and ecological risk degree of oils on

Sinonovacula constricta(96 h)

ik 96 h LCs Q& MERE SR
TJ016 2517.1 0.079 R s
TJO15 821.1 0.244 =l thi
TJo14 862.2 0.232 =725 i
TJ002 750.8 0.266 RS Sk
F380 558.1 0.358 =i i
-20* 88.2 2267 M R FE
F180 359 5.578 M R FE
F120 43.8 4562 M R FE

FEHEWR ISE AR, B/ N R R R R B, WAL
W P IR R B A v XS e v R o A LR A M T
T 5 SIS [RIVHH 5 5 G e 1 B R AR, iR A T
96 h B, AN [FIHh & (TIO16 BRAM )Xt 45 1% B 1 K/ K
r&ED) |, -20% F180 Fl F120 X 3 FiARHIXT 4582 i
A 25 DAL 7 R SR B R v PR , A [ o X 4 18
ARG IL(R 5) o

S5E PRI, BEAS R T DL 28 3 AN 1T
T MEE AR Y T A X, A Y TR R,
BEAH AR R XU, AR K AT BB AR 37 AR A A A R U]
L EmEGA R/ NEE AR,

3 itig

3.1 ARl @ R EL 8

TP B R R B RS R, AR AR
SR NN R A B E A —RR A, R
HAY) RRMEASEMARA 2570, AR
T A YIS S B E AR A 22534, T E Oy e
B R X A ) BB PR DRLI, A (R i X [ ol
W YR FROR A —RE, Fn 8 Filh

(TJ016.TJ015.TJ014.TJ002,-20% F380.F120.F180) X}
FEAL W5 AN 43 R L B BE B A R 22 52, SR AR
hH Y 22 5 U BE K, TI016 X #8415 96 h LCs, K
6866.1 mg-L™, F180X f& 4t W5 96 h LCs, 7 79.5 mg-
L7, PIEAH2E TR 86 152 , Al A 1R DL 2L, X P A
TR 4 058 (Y BBV BEAE 22 3K 70 24% . Anderson
SGPMGAFURBR T 3 RSP, R PR FE R
ANy < 3 BRI > B SR> [T . Hedtke S5
TERFSY 4 Rz B2 1% SRRk 2% BRRHm AT —FiR
B IR 4 Fh a8 SRR IR I, A [F A
Xof 1 2R A R /NI ) 28 SRR > 1% R > I
Th>JEM . REIEETRIRI LSRRI, Xt E XS
MM AR BRI RNy = PRI AR > S > 5
Mo BTBCFAEPNIE T R 0% S2ih A 207 SEThxT
BEFIXTHF( Penaeus monodon) . H ANBEXTHF(Marsupenaeus
japonicus ), J) % HT ¥ BF (Metapenaeus ensis ) i1 HF A1
FEAEH (Sparus lauts ) BBJHHE (Acanthopagrus schlegelii)
BB (Mugi ophuyseni ) -t B85 Lateotabraxjaponicus )
R R SRR, B R R I A AR A F L B
PR/ MR 3 -0 5 5630>20 S S5eih >R il .
R2.RIALUFR N, AR UL IELIEER, B
PRBRMT A EEPE LRI, T ELH A JE TI016 X D12
RIFEERON A B, TR F120 1 F180 X J128
FRBEPERON B B ., A AR R AR T IR SR Y

NE SRR AE A YR SRR R, 240
T A KA R AR TR R A W R 22 S B I
A RIXESF BRI R, I Vi SO AR I TR S
FFP AR MG FBOE N Z 0542 (PAHs ) 554
ALY A ERME KA Y2 20 . A4S SCEFERY
8 Fhyhdn TPH TS, JFH2 4.0~28.4 mg- L7, BRBHH M
2.1~59.8 mg- L™ AR4E, HRj2-20° S TPH 1K,
{HFEE AL BRI AIRE K 3 48 h, ELERERAA B bR 2
K(FR 2.3 3), X ] BB R it A1 5 e e, B
“h=20% S ML #3758 , TG Ath & UL AR X BB AR
TR EREAR . —RRORBEAARHIN L I #5542 (PAHS
RHPEEN I Z— )& EERE, FTLURERRN 26
AIBEME HEMEE R . 724 R AOBIFSE ] LAV & f5 bk
i) PAHs B0 MHE &, AR AT R o
IKAAE MR/ NI 22 57 o S A1, BIVEE [R) i X 7
LR MR E WA R ESS, bR F M FEE
JEARN R 1 28 1 B (AL 1 BT DR 19, RE AW R —F DL 52
TRV RS, 4 SGe A SR EA IR, #E K E
HIEROK T R T R B, MRt
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FE4724 h i, A0 FREH HREHEEIS TS T MK, e
PEBR BRI AL BZH Hh AL W5 DL SE AR 2 B0, TE 5
PERRRT R N S B FR W DL Se ek T . e
HRIR AL TR ] P9, B T Bt d/ M TI016 20, Hoapdh
PR T ) 40 1 H BRAE T, T ELAR 25 VR vk B A Hh 4 1%
HELMIET . TEREE R AR P a1 2R
0L, 4Rl LT 3R] B R TREH WG, MR 2.3
FTLAE Y ALs 2 ] B AR Bk B B35 K T4
0, DR HCRR G R B S X B A5 1 B T S T4,
[ g JEAVE D1 288, S 4P A AT 75 o) B 2 A i 1o B
REL EESEE YR AR K IR .
3.2 HAEEMES B AR N2 £ SR TG

24 A AT S 04 2R B T TER T R RS Y K o AR
FEAR G, T AR 2 T S s T 2R 280
iR B b, DR HG B B B 5% S O AR Y i
HTEFITXE SR , 0K 45 B IR R 1 AR R IR, Sy
TSR T AR A BB /N B K A A
YRR, FEHATZ TN AR IR, B
BT, B TS G A W OB PP BT ST L, IR
SGUSR R R I, PN T 8 FpIMZENT H AR
XTHF (Marsupenaeus japonicus). ' [E| B X #F (Fen-
neropenaeus chinensis ) 5% % 5 % (Scylla serrata) F1 =
e T (Portunus trituberculatu ) RN, R F
B, LA 48 h M E B, F120 F1 F180 X BIRMFEA
BEIEARR TR, W AR R T rhaF R, REFE
BRI TI016 X R ERE R B T3, X PIRh
BERMEME R TGS, REFER/ MM S (B4R
BARSURVEAIHGR ) o B—EATIR I BRI M R X
YIRS BN A BT RSk, B IT i R
BEERE AR E, T EHAR RGNS RRR
R BB SA AT RS B LR SRR
B PERRINEE, (EREBXSARETHH F e
TP USRI XU, AR 4 FTLUE Y JB TR A
TJO15.TJO14 F1 TJ002, {EZHTFIH & T = XUKFIZE,
TJ002 WISy XSRS, IXAFEA 5 B 0 R 1 R 25
B AT IR RS 6 R —Fh ik, R B B

ARG BUR FIER SRR/ IR A AR Y o
4 i

(1)%s 75 Yexs DA B 4E A LR B &8, TJO016
TJ015.TJ014.TJ002,F380.-20* F180 FI F120 Xj#4HM5
[ 96 h—LCs, 43> 31K 6 866.1.1 176.3.1 695.5.2 729.8.,
840.2,239.1.79.5 mg- L 1 79.5 mg-L", RE 8 FhiH

Al X FE TG ) 96 h—LCso T AT 33X 8 Fryph X 48 4447
BB (R b 35 EAE B AR /INIRF 2 : F120=F180>-20%>
F380>TJ015>TJ014>TJ002>TJ016,TJ016.TJ015.TJ014
TJ002.F380. -20* F180 F1 F120 Xf454% i) 96 h—-LCs,
4y Bk 2 517.1.821.1.862.2.750.8.558.1.88.2.35.9
mg L7 1 43.8 mg-L, AR5 8 Fhyl X 421X A 96 h-
LCs, P AR HIX 8 Firif XR84T W 4a 1 () 21k R 3%
YE FA B9 /NI 2 : F180>F120>-20%>F380>TJ002 >
TJO15>TJ014>TJ016,

(2% M5 Y Xt 3 b DL 2 e e e A S A2
KU AR 40T - TJ016 F1 TJ002 X #8445 & T3
XS, TIO15 A1 TIO14 XoF %8 41 W7 & T K 5 = KUK,
F380 F1-20" X 48 4+ W e v J& F b 3 = XU, F180 F1I
F120 X #8415 8 1 = 3Rk = XUSE - TI016 X 4318 & T
5 TP XU, TI015.TJ014 . TJ002 F1 F380 X} 4% J& T
o2 25 XU , —20%. F180 1 F120 XF45 1% J& F & =4k
T XUE o XX AN DL 5, BRBHHI BRI LU R R,
SR0% LRE AWV o S I B R RURR
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