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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 plicaiula was as follows F180=F120>-20">F380>TJ015>TJ014>TJ002>TJ016, TJ016 and TJOO2 to Crassosirea plicatula be—
longed to low toxicity and medium risk, TJO15 and TJO14 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 consiricta was as follows F180>F120>-20*>F380>TJ002>TJ015>TJ014>TJ016, TJO16 to
Sinonovacula constricta belonged to low toxicity and medium risk, TJO15, TJ0O14, TJ002 and F380 to Sinonovacula constricta belonged to
medium toxicity and high risk, =207, 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 constricta was more sensitive than Crassostrea plicatula
stressed by oils.
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(20] ° TJO16
4 4 20 000.2 000.1 000.500.200 mg L " TJO15.TJO14 .
Crassostrea plicatula TJ002.-20*.F380 20000.10000.2 000 .1 000
Sinonovacula constricta 500,200 mg+L™" F120.F180 2 000.200.100.
8 50.20.2 mg- L1,
500 mL
400 mL 10 ind.
o 96 h °
28 C+2 C pH=7.43~8.34, 2
! h 24.48.
1.1 72h 96 h °
1.1.1 1.2.2
_ 22 LCs,
1 N =l
2.06+0.70 cm 1.48+0.42
cm 1.66£0.21 g, EEC 200 mg-L™"
Q =EEC/LCy
1 R sl
2.34+0.29 cm 0.67+0.04 g,
1.1.2 2
8 TJo16 . 2.1
TJO1S < TJO14 . 24 h
TJ002 -20* -20" \F380.F120.F180 TJO16
TJO16
0.5h
DL-720A 8h o 48 h TJO16  TJOO2
0 TPH
(20 Lo F120 F180 200 mg-L™
1.2 °
1.2.1 72 h TJO16
TJO16
20 000.10 000.2 000 mg-1." 200 mg-L™" TJO15. °
TJ014.TJO02 20 000,10 000.2 000.1 000 mg-
L 200 mg-L™" -20%.F380 20 000,10 000 F120 K180
2 000.1000.500 mg-L™" 200 mg-L™', F120.F180 TJO16 o 8
2 000.200.100.50 mg-L™" 20 mg- L™ 2 o
18 TPH mg- 1!

Table 1 The concentrations of TPH of crude oils and fuel oils mg- L™

0il TJO16 TJO15 TJO14

TJ0OO2 -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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28
Table 2 LCs of Crassostrea plicatula stressed by

crude oils and fuel oils

38
Table 3 LCy; of Sinonovacula constricta stressed by

crude oils and fuel oils

/mg- L /mg- L™
0il LCs; of Crassostrea plicatula at different time 0il LCs of Crassostrea plicatula at different time
24 h LCs, 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 TJO16 — 17 326.9 132472 2517.1
TJO15 — 253702 6 138.7 1176.3 TJO15 12 337.3 2918.6 1 034.1 821.1
TJo14 — 21 394.5 47242 1 695.5 TJO14 33 596.6 31253 1 .096.2 862.2
TJ002 — 11 347.3 6 747.3 2729.8 TJ002 24 299.1 31253 971.5 750.8
F380 — 18 162.4 1 093.9 840.2 F380 4 039.8 6 033.9 908.8 558.1
-20% — 2 549.5 565.2 239.1 -20* 21 394.5 122.9 101.5 88.2
F180 — 131.5 1115 79.5 F180 97.8 92.6 48.0 359
F120 — 121.3 107.6 79.5 F120 109.8 98.0 83.5 438
24 h 24h  TJOI6 24 h LCs
24 h LCy o °

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.

96 h—-LCj,
8

F120=F180>-20">F380>
TJO15>TJ014>TJ0O02>TJO16,

2.2
12 h TJo02.-20*.F120  F180
o 24 h
F120  F180
200 mg- L™
0 72 h

TJO16

-20*.F120  F180

TJO16 8

-8

3 o 96

hLCs, 8

F180>F120>-20*>F380>
TJ002>TJ015>TJ014>TJO16,

Note There are no death of the individual in the TJO16 group at 24 h,
s0 24 h LCy is not calculated.

2.3
1986 (
)
5 LCs<1 mg-1."
100 mg-L" LC5=100~1 000 mg L™
LCs,=1 000~10 000 mg- L~ LCsx>10 000 mg L™
. 8

LC50= 1 ~

[24] Q
3 0>0.1

0.001<Q =<0.1 (0 =<0.001

° F120  F180
4 96 h

TJO15 TJO14
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48 96 h
Table 4 Toxicity classification and ecological risk degree of oils on

Crassostrea plicatula 96 h

96 h LCx Q
TI016 6 866.1 0.029
TJO15 11763 0.170
TJO14 1695.5 0.118
TJO02 2729.8 0.073
380 840.2 0.238
-20" 239.1 0.836
F180 795 2516
F120 795 2516
58 96 h

Table 5 Toxicity classification and ecological risk degree of oils on

Sinonovacula constricta 96 h

96 h Ly 0
TJO16 2517.1 0.079
TJO15 821.1 0.244
TJ014 862.2 0232
TJ002 750.8 0.266
380 558.1 0.358
-20" 88.2 2267
F180 35.9 5.578
F120 438 4562

o

96 h TJO16

-20*.F180 F120 3

55

3.1

125]
(o}

TJO16.TJ0O15.TJ014.TJ002.-20*.F380.F120.F180

TJO16 96 h LCy
6866.1 mg-L." F180 96 hLCsyy,  79.5 mg*
L™ 86
70 o Anderson
{26 3
> > - Hedtke !
4 Nk 2F
4
2* >1* >
> =
> >
o =l .0 20¢
Penaeus monodon Marsupenaeus

japonicus Metapenaeus ensis

Sparus lauts Acanthopagrus schlegelii

Mugiophuwyseni Lateotabraxjaponicus
0 >20 > °
2, 3

TJO16

F120  F180
PAHs

8 TPH 4.0~28.4 mg- L™
2.1~59.8 mg- L™ -20* TPH
48 h
2. 3
-20*
° PAHs
[24]
PAHs
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24 h 96 h-LCy, 8
F120=F180>-20*>
o F380>TJ015>TJ014>TJ002>TJ016,TJO16.TJO15.TJO14
TJO16 TJ002.F380.-20*.F180  F120 96 h-LCs,
2 517.1.821.1.862.2.750.8.558.1.88.2.35.9
o mg-L7 43.8 mg- L7 8 96 h-
o 2. 3 LCy 8
F180>F120>-20*>F380>TJ002>
TJ015>TJ014>TJO16,
2
o TJO16  TJ0O2
3.2 TJO15  TJO14
F380 -20* F180
F120 - TJO16
TJ015.TJO14.TJO0O2  F380
-20*.F180  F120
[19] 8
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Portunus trituberculatu

48 h F120 F180
TJO16
4
TJO15.TJO14  TJ0O2
TJ002
4
1 TJO16.

TJO15.TJ014.TJ002.F380.-20*.F180  F120
96 h—-LCx, 6 866.1.1176.3.1695.5.2 729.8,
840.2 239.1.79.5 mg-L7"  79.5 mg-L.™" 8

ter species|]]. Archives of Environmental Contamination and Toxicology,
1982, 11 425-430.

[2] Heintz R A, Short ] W, Rice S D. Sensitivity of fish embryos to weath —
ered crude oil Part . Increased mortality of pink salmon Oncorhy-
nchus gorbuscha embryos incubating downstream from weathered
Exxon Valdez crude oil [J]. Environmental Toxicology & Chemistry, 1999,
18 494-503.

[3] Kennedy C J, Farrell A P. lon homeostasis and interregnal stress re—
sponses in juvenile Pacific herring, Clupea pallasi, exposed to the wa—
ter—soluble fraction of crude oil[J]. Journal of Experimental Marine Biol—
ogy and Ecology, 2005, 323 43-56.

[4] Middaugh D P, Chapman P J, Shelton M E. Responses of embryonic and
larval inland silversides, Menidia beryllina, to a water—soluble fraction
formed during biodegradation of artificially weathered Alaska North
Slope crude oil[J]. Archives of Environmental Contamination and Toxicol—
ogy, 1996, 31 410-419.

[5] Gonzalez—Doncel M, Gonzalez L, Fernandez—Torija C, et al. Toxic ef-
fects of an oil spill on fish early life stages may not be exclusively associ—
ated to PAHs Studies with Prestige oil and medaka Oryzias latipes [J].
Aquatic Toxicology, 2008, 87 280-288.

[6] , .20

[J]. ,2003,22 3 345-348.
ZHANG Jing—fei, WANG Xiao—rong. Effects of No. 20 diesel on antiox—
idant defenses in liver of Carassius auratus under a long—term exposure
and low—concentration[]]. Journal of Agro—Environmental Science, 2003,
22 3 345-348.



1294

2011 7

. 01,20
[J]. ,1992,11 2 32-38.
CHEN Ci-mei, HUANG Jin-long, WU Xiao—feng. Effects of low con—
centration of fuel oil No. 0 and 20 accommodated in intertidal water on
growth of marine phytoplankton[J]. Marine Science Bulletin, 1992, 11 2
32-38.
[8] . ) )
[J]. ,1998,20 4 60-64.
SHEN Hong, ZHANG Qin, XU Ren, et al. Effects of petroleum pollution
on the activities of serum enzymes of Tilapia mossambical]]. Acta Oc -
eanoogica Sinica, 1998,20 4 60-64.
91 . , . 1
,1997,16 1 1-5.
SHEN Hong, ZHANG Qin, XU Ren, et al. Effects of petroleum on the
Sero—proteins of Tilapia mossambicall]. Marine Environmental Science,
1997,16 1 1-5.
[10] ) . .
[J]- ,1997,16 1 35-38.
SHEN Hong, ZHANG Qin, WANG Gui-lan, et al. Effects of petroleum
of the electrolyte and cholesterol in serum of Tilapia mossambical]].
Maine Science Bullet, 1997, 16 1 35-38.

[11] Marty G C, Short ] W, Dambach D M, et al. Ascites, premature emer—
gence, increased gonadal cell apoptosis, and cytochrome P4501A in -
duction in pink salmon larvae continuously exposed to oil—contaminat —
ed gravel during development [J]. Canadian Journal of Zoology, 1997,
75 989-1007.

[12] ) ) .

[} .1999,
38 3 429-434.
YU Qun, ZHENG Wei-yun, WENG Yan, et al. Effect of petroleum pol—
lutant on SOD and cat enzyme in viscera tissue of Pagrosomus major[J].
Journal of Xiamen University Natural Science ,1999,38 3 429-434.
[13] ) ;
i ,2000,20 1 91-94.
WENG Yan, ZHENG Wei-yun, YU Qun. Effects of fuel oil exposure on
the activity of sedium —dependent glutathione peroxidase in viscera
mass of Pagrosomus major larvaelJ]. Acta Scientiae Circumstantiae, 2000,
20 1 91-94.
[14] . . .0 DNA
). ,2004,28 11 10-14.
YU Ang, CHEN Rong, WANG Chong—gang, et al. DNA damage in oyster
Ostrea cucullata exposed to water soluble fraction of 0% diesel fuel[]].
Marine Sciences,2004,28 11 10-14.

[15] Zhang J F, Wang X R, Guo H' Y, et al. Effects of water—soluble fraction
of diesel oil on the antioxidant defenses of the goldfish, Carassius aura—
tus|J]. Ecotoxicology and Environmental Safety, 2004, 58 110-116.

[16] )

[J]. ,2005,27 4 314-318.
SHEN Ang-lv, SHEN Xin-qiang. Effects on the superoxide dismutase

and catalase of zebra fish stressed by diesel fuel[J]. Marine Fisheries,
2005,27 4 314-318.

[17] Kennedy C J, Farrell A P. Ton homeostasis and interregnal stress re—
sponses in juvenile Pacific herring, Clupea pallasi, exposed to the wa—
ter—soluble fraction of crude oil[J]. Journal of Experimental Marine Bi—
ology and Ecology, 2005, 323 43-56.

[18] Marigémez I, Soto M, Cancio I, et al. Cell and tissue biomarkers in
mussel, and histopathology in hake and anchovy from bay of Biscay af-
ter the Prestige oil spill Monitoring Campaign 2003 [J]. Marine Pollu—
tion Bullet, 2006, 53 287-304.

[19] Simonato J D, Guedes C L B, Martinez C B R. Biochemical, physiologi—
cal, and histological changes in the neotropical fish Prochiladus linea—
tus exposed to diesel oil[J]. Ecotoxicology and Environmental Safety,
2008, 69 112-120.

[20] , R , . [J].

,2010,19 1 63-68.
TANG Feng—hua, SHEN Ang-lv, FAN Wei, et al. On toxic effect of
different oils upon crab and shrimp larvae[]|. Ecology and Environme-
ntal Sciences, 2010,19 1 63-68.

[21] . . ,

[J]. ,1998,17 1 62-65.

SHANG Long-sheng, SUN Qian, XU Heng—-zhen, et al. Study on the
determination of petroleum hydrocarbon in mussels by UV—spectropho—
tometry[J]. Marine Environmental Science, 1998, 17 1 62-65.

22] . — [M].

,2001 112-113.
HUANG Yu-yao. Inland water pollution ecology—principles and appli—
cations[M]. Beijing Science Press, 2001 112-113.

23] : 181
National Environmental Protection Agency. Biological monitoring tech—
nical specifications|S].

[24] ; ; : [M]. . 2004
412-422.

ZHOU Qi-xing, KONG Fan—xiang, ZHU Lin. Ecotoxicology Principles
and Methods[M]. Beijing Science Press, 2004 412-422.
[25] ;
). ,1998,17 1 93-97.
JIA Xiao—ping, LING Qin. Toxicity of nanhai crude oil and fuel oils to
larval shrimps and larval fishes[J]. Tropic Oceanology, 1998,17 1 93—
97.

[26] Anderson J W. Neff ] M, Cox B A, et al. Characteristics of dispersions
and water soluble extracts of crude oil and refined oil and their toxicity to
estuarine crustaceans and fish[J]. Marine Biology, 1974,27 1 75-88.

e Il

, 1988 4 36-40.
WU Zhang—kuan, CHEN Guo—jiang. Studies of intoxication by some
harmful substances on Penaeus orientalisk [J]. Marine Science, 1998

4 36-40.



