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Fig.1 Curves of different light oil WAF concentration changes with time in all the seasons
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Fig.2 The percent inhibition curve of Prorocentrum donghaiense and Heterosigma akashiwo in
light oil of different concentrations in all the seasons
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Fig.3 Growth curve of Prorocentrum donghaiense with different doses of light oil water accommodated fraction
in all the seasons
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Fig.4 Growth curve of Heterosigma akashiwo with different doses of light oil water
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M 4 BT, 055 S A R T 94
RUAFERERKRESR G HREEEN, 4
T BE T TR0 B, 5 00 5 2 A K R SR B, B R AR
AR B Z R, Rk T A Wy X 2 ) 1 T,
B R, B, BEE R TR, BT WAF
YO 5 5 e AR P 5, TR O B AR
(10 C) , Bpfdi 42 iyl WAF Y& B8 11.72 mg/L,
PRI I P BT AT AR FE — B TR A, IR IE AR
Ko
3 ifie
3.1 B R B R 2 RO B

e R e B X AR ) A R — R 9
YRR R BE R R A R R . A SC R B AS 4551

SRR A AR 7, FUR B A R
BRI, XS5 RAMORA LM

http: //www. shhydxxb. com

L2027 TR 94 A O 9 S0 2 A 2 5 X —
HE. RS FISEm WAF(1: 9) s s, BF5T
THXHRE ST ENFEME, RIAESM WAF 4
TFARHRBE (0. 81 mg/L) B A Hb 4 B (5 410 il 4
FH, T B & VR BB B 3 KA ) /B B A8 K. CHAO
SEOVRESY T WA ORI WAF X o il B 45 3 /)
TR A AR A S I, % BH 24 A v B AR B —
SEMHRERREMHI I MK, EE S s
I Bon, RN WAF X 3828 1 A K R IRk B
i R P R0 7 i B T 1 VR A, o BRAR
B FH B D B8 T BB 2 DB e A 2 o SR TR
RERKTRRER . ZR% IR EnR, EH
ML = 5T, No. 0 &3k 4 7RIk
BRI A K R B R SER, Bk
He RARBER 4> B2k 180% 1 120% , 4R i, No. 0
S KE AR R E AR, A MR PR AR



24 Wrrb s, 45 « AN [ 3710 i T e B X AL ) O 5 W 277

YA R R AN 2, B R L B S i 4
HIVER .. ZE U EFREER, 54 UL 45 1%t
MR R BE AR
3.2 REXFRFEYG R0

AFZETT KR 2 R BOR I E Y T 2 68
NEFNBEEREAZ —. LRERER, AFRK
FVKIRFMT , PR HOE A KIF 02 5
BRSSO . RAITAE,
BERZWFFEYERK SEHENEZRFER
FZ—o TEEENIREEEN, 4R EA S,
TEUFAE BT R A I S R B e, ax {2 T R
YRR, SR K, Bk, £FER
)5 R BETE R i WAF YR 2SR 3. 86 mg/L B El
REEME AR, R R D AR WAF %
BER9.72 mg/LiRBIX —RE, HEEEZE,W
PP PETAORE S B 1 ) A KORS I 32 Bl WAF
WREESM A 2.03 mg/L 1 3.92 mg/L, X—452R
SERBE" WSS, KR,
B &AL ZT, WAF ¥ E R 9.94 mg/L i, 14
d WAMREAK (HRFERZ, MHF WAF IKET,
P ERBEN AR EE2WEH, TERE £
K, GONZALEZ 2™ %31 7E[7]— WAF ¥ V5
PR, RERBEJE (Synechococcus ) F Ji 45 3K B J&
( Prochlorococcus ) F) A K FERK 8 5 7K 1B B9 52 i
T 2B W], SR TR ARR A X HA KK
AR,
3.3 AEFFEYIERKHZE

TSR 2R [F], 2 BTl WAF X8 B4
TERWAERKRESR . 455 P % A B R
AL T2 &, REAR 1R R 96
h'Ecsojg 2.03 mg/L, ﬁ'ﬁiﬁ@iﬁﬁ%ﬁﬂﬂﬂa 3.92
mg/L, & ZE 5 7 25 B 96 h-EC, ik 9. 72
mg/Lo KA BSLI AP BIERA T X — A, A
TN T By K B BK S HE 5 B /DR R 3
FIEFETE I S EFEME 96 h-EC 43 51|2h 13. 84
mg/L.18. 83 mg/L 1 6. 73 mg/L, #ikF %"
HI ST B , A [F RS I PR R ZE A R i
T, BBHEERAES . ERE PR T LH
J5 R —Fh——BUE R, R4 P 8701 7
WEER 1.5 pg/L, Jirie 48 h i i F Bk 2
=PI E R RKE N 3 peg/L, A 24 h B
FIRIEAE ok B3, EWIE X 5% B4 2 (877

EREEES . DI MBI BR, BT A
BEXFJi WAF Jirie 58 finiBusk

B2k

(1] FReRA. A0 R0 1 TR PR B 2800 S DL BT 5
[D]. &% . PEMEHERY, 2013.
CHEN ] B. Toxic Effects and Mechanisms of Petroleum
Hydrocarbon on Marine Microalgae [ D ]. Qingdao: Ocean
University of China, 2013.

(2] BRddk. SRR A RICR EmABIa[T]. 6
S5, 2002(3) :15 -17.
CHEN J Q. The present situation, influence and control of
oil pollution in China offshore [ J]. Energy Conservation and
Environment Protection, 2002(3) :15 - 17.

(3] SRaEP. TRt i i i A T e RILBGR [T]. Wi
TEEEBESAA: HAAPIERR, 2004, 23(3) 1269 -272.
GUO Z P. The prevention and control of oil pollution off
Chinese coastal waters [ J]. Journal of Zhejiang Ocean
University ; Natural Science, 2004, 23(3) ;269 -272.

(4]  H:%. % LRWISRMGEE LG RGIT]. RS
PEIZTE, 2011(11) .56 - 58.
GUI K. The harm and prevention measures of oil spill
pollution [ J]. Environmental Protection and Circular
Economy, 2011(11) :56 —58.

(51 Rk, EMHERE, 5, % ARG RXEAETEI Y
HIm[T]. BREERE 5EE, 2013, 38(3) .84 - 87.
SONG F B, WANG W H, ZHANG J, et al. Influence of
Petroleum Hydrocarbon Pollution on Marine Phytoplankton
[J]. Environmental Science and Management, 2013, 38
(3):84-87.

(6] Z=3islk, EBM, BLBRIE, 55. No. O ek 4/
TR A SR FE [ T]. BR8ERL 4, 2007, 28(2) .
304 -308.
LI K Q, WANG X L, ZHU C J, et al. Ecological Effect of
Nol0O Diesel Water Accommodated Fraction on Marine Algae
[J]. Environmental Science, 2007, 28(2) :304 —308.

(71  EHW, XL, WeIF, & AR E
KRR T]. BRI R 50h, 2011, 4(4) .
81 - 86.
WANG J L, LIU C G, FENG J F, et al. Literature review of
the effects of petroleum hydrocarbons on marine
phytoplankton [ J]. Environmental pollution and control,
2011, 4(4) .81 -86.

(8]  AFHFHH. JRUih I O ~ #3553 X g PN 1 M T bk B it
BHERFFE[D]. 5. EEE R, 2012.
FU H Z. Acute toxicity and genetic toxicity of crude oil and
No. 0 diesel oil on marine microalgae [ D]. Qingdao:Ocean
University of China, 2012.

[9] CHAO M, SHEN X Q, LUN F X, et al. Toxicity of fuel oil
water accommodated fractions on two marine microalgae, S.

costatum and chlorela spp [ J]. Bulletin of Environmental

http: //www. shhydxxb. com



278 B B E K ¥ ¥ # 4%
Contamination and Toxicology, 2012, 88.:712 -716. 346.

[10] DEASI S R, VERLECAR X N, ANSARI Z A, et al. WANG Y, TANG X X, LI Y Q, et al. Stimulation effect of
Evaluation of genotoxic responses of Chaetoceros tenuissimus anthracene on marine microalgae growth [ J]. Chinese Journal
and S. costatum to water accommodated fraction of petroleum of Applied Ecology, 2002, 13(3) :343 -346.
hydrocarbons as biomarker of exposure [ J]. Water [20] GONZALEZ J, FIGUEIRAS F G, ARANGUREN-GASSIS
Research, 2010, 44 (7) ;2235 -2244. M, et al. Effect of a simulated oil spill on natural

[11] LEITEM BN L, ARAUJOM M S D, NASCIMENTO I A, et assemblages of marine phytoplankton. Estuarine [J ],
al. Toxicity of water soluble fractions of biodiesel fuels Coastal and Shelf Science, 2009, 3(83) ;265 —276.
derived from castor oil, palm oil, and waste cooking oil [ J]. [21] ke, saRiE, Tk, &, =T 380 b =i 5 0
Environmental Toxicology and Chemistry, 2011, 30 (4) 893 - VEPEOR I FE RN [J], SIS, 2011, 20(6/
897. 7) :1075 —1080.

[12] LEE H J, SHIM W J, LEE J H, et al. Temporal and XIE Y H, SU R G, ZHANG L X, et al. The toxic effects of
geographical trends in the genotoxic effects of marine chloride tributyltin on the predomina [ J]. Ecology and
sediments after accidental oil spill on the blood cells of Environment, 2011, 20(6/7) :1075 - 1080.
striped beakperch ( Oplegnathus fasciatus) [ J]. Marine [22] M2, BEXK, B8, . B34S HERAE K R4
Pollution Bulletin, 2011, 62(10) ;2264 —2268. WAL T]. SRR SR, 2011, 34(4) 10 -

[13]  E@Z. FEMAEHR =R SN SR ERN[ D], K 13.

& RERH R, 2012, HE Y, CHEN H, YANG J, et al. Effects of Fluoranthene on
WANG X Y. Acute Toxicity Effects of Crude Oil and Growth and Chlorophyll Fluorescence Characteristics of
Dispersant to Three Kinds of Algae [ D]. Dalian; Dalian Navicula lanceolata [ J ]. Environmental Science and
Maritime University, 2012 . Technology, 2011, 34(4) :10 -13.

[14] X040, i5gesd /NER S 5 X BV R [ D], K [23] PéR F B. Fuel toxicity on Isochrysis galbana and a coastal
& REWH R, 2006. phytoplankton assemblage; Growth rate vs. variable
LIU N. Research on Acute Toxicity of Spilling oils to fluorescence [ J]. Ecotoxicology and Environmental Safety,
Chlorella spp. And Artemia [ D]. Dalian; Dalian Maritime 2010, 73(3) :254 -261.

University, 2006. [24] T ZBIBRBEN 2 b PEEDRHE i S TP 0N

[15]  Whaigh. TR AL BRARRE b % T e o 6 26 4 1) B M 2800 WD, Hi: PEBEHERY, 2011
SB[ D). FOE  RIEW I Y, 2012, YU Teng. Acute Toxic Effects and Mechanisms of PBDEs on
YAO N D. Research on toxicity of fuel oil processed by the Two Species of Marine Bait-microalgae[ D]. Qingdao; Ocean
dispersant to two marine organisms [ D ]. Dalian; Dalian University of China, 2011.

Maritime University, 2012. [25] CARRERA-MARTINEZ D, MATEOS-SANZ A, LOPEZ-

[16] 3k%, FBAK, 8FHER, & AMNEIE YN RODAS V, et al. Adaptation of microalgae to a gradient of
LR S EHER[)]. F R\ RFFEHR: continuous  petroleum  contamination [ J ].  Aquatic
HARPBLERR, 2002, 32(5) :804 -810. Toxicology, 2011, 101:342 -350.

ZHANG L, WANG X L, HAN X R, et al. Effects of [26] L&, 80T, BER, %. AEEWIHRLAGTRA
Petroleum Hydrocarbon on the Growth of Marine Algae: MEEAMEEMELT]. KA, 2009, 33(5) :896
Experiment Versus Model [ J]. Joumal of Qingdao Maritime -904.

University : Natural Science, 2002, 32(5) : 804 -810. JIANG Z B, ZENG J N, CHEN Q Z, et al. Toxiticy of

[17] 1L E£,REZ,8HER, % LR RINEETIEY N Residual Chlorine on Copepods Under Temperature Increase
L[ )]. WBEEREE, 2002, 26(1) :46 -50. In Different Seasons [ J]. Acta Hydrobiol Ogica Sinica,
JIANG Y, WU Z H, HAN X R, et al. Toxiticy of polycyclic 2009, 33(5) :896 —904.
aromatic hydrocarbons( PAHs) to marine algae [ J]. Marine [27] YW HE. AN IR Y 55 PEBON K 2k 894 P4
Sciences, 2002, 26(1) :46 - 50. [D]. ki B¥MRHFERSY, 2011.

[18] % E, MEeE, WILT, 2. bAoA A g vese 2 BI Y M. Preliminary assessment on resources loss and
R AR [T]. M-S HEA Y #H, 2010, 16 biological toxicological effects of residual chlorine to Plankton
(4) :566 -571. [D]. Shanghai ;Shanghai Ocean University, 2011.

HUANG Y J, CHEN Q Z, ZENG J N, et al. Acute Toxicity (28]  Ehiib. JsUahn 4 Fas i 43 8O0 X 5 Km BEA/INET H 38
of Crude Oil and Dispersant to Marine Copepods [ J]. RN PR [D]. 55 EEHE K, 2013,

Chinese Journal of Applied & Environmental Biology, 2010, MA S. Toxicity of crude oil and four kinds of dispersants to
16(4) :566 —571. P. helgolandica and N. closterium [ D]. Qingdao: Ocean

[19] Ff&, B4, 20kt % RMREEX IR oA University of China, 2013.

KA [T ], R A A 22 4], 2002, 13(3) 1343 - [29] FEISHEEKHM M, ELNAGGARA H, OSMANME H, et al.

http:

//www. shhydxxb. com



2 8 FRep s, 55 AR Z 15 R B ok BE X A8 0 B R ) 279
Comparative studies on the greenalgae Chlorella homosphaera EALE HIZR B 4. GB/T12763. 6 —2007 , #F R #L30
and Chlorella vulgariswish respect to oil pollution the river 556 T4y MGHEAEYVARE[S] o JUET v ERRED AL ,2007.
Nile[ J]. Water, Air, and Soil Pollution, 2000, 124( 1/2): The People’ s Republic of China General Administration of
187 -204. Quality Supervision, the Standardization Administration of

[30] APRAIZ 1, CAJARAVILLE M P, CRISTOBAL S. Peroxisomal China. GB/T12763 -2007, The People’s Republic of China

proteomics: biomonitoring in mussels after the Prestige, s oil
spill. Marine Pollution Bulletin, 2009, 58(12) ;1815 —1826.

national standard: Marine survey Part 6: Marine Biological
Survey[ S]. Beijing: China Standard Publishing House, 2007.

[(31] i NRILHN [ [ 5 B ik W B A e it R, v [ K

The effect of light oil concentration on microalgae in different seasons

CHEN Zhongwei'** , XU Ren*?, LIU Caicai*’, DENG Bangping*”®, JI Xiao>’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China ; 2. East China Sea
Environmental Monitoring Center, SOA, Shanghai 200137, China; 3. Key Laboratory of Integrated Monitoring and Applied
Technology for Marine Harmful Algal Blooms, SOA, Shanghai 200137, China)

Abstract: In order to investigate the toxic effect of light oil on marine phytoplankton, and provide theoretical
basis for its prevention and control, we simulated the indoor toxicity stress experiment of light oil on two
species of marine microalgae in different seasons (10, 16, 20 and 28 °C) , to research the effects of light oil
on the growth of two species of marine microalgae. The results showed that light oil has certain inhibitory
effect on the growth of two species of marine microalgae. The inhibition rate curve shows that the 96h
inhibitory concentration of Prorocentrum donghaiense is 2.40 mg/L, and the 96 h inhibitory concentration of
Heterosigma akashiwo is 4. 10 mg/L. At the same time, because of the high volatile characteristics of light
oil, with the concentration of light oil decreased in the course of the experiment, the growth rate of
Prorocentrum donghaiense and Heterosigma akashiwo recovered. The effect of light oil on phytoplankton growth
is also related with the temperature change. The higher the temperature, the more obvious effects, namely,
the winter has minimum impact, while summer has the most obvious influence.

Key words: light oil; temperature; growth; inhibition; Prorocentrum donghaiense; Heterosigma akashiwo
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