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The impact of oil pollution on marine phytoplankton community growth change

HUANG Yijun, CHEN Quanzhen” , ZENG Jiangning, JIANG Zhibing
Key Laboratory of Marine Ecosystem and Biogeochemistry , Second Institute of Oceanography , Hangzhou 310012, China

Abstract ; Increasing demands for and utilizations of petrochemicals have resulted in an increase in levels of petroleum
hydrocarbons in marine, coastal and estuarine environment. Maritime oil contamination usually caused by maritime
incidents has catastrophic impacts on the marine environment. More generally, merchant ships can have a significant
environmental impact due to on-going human activities, e. g. air and sea pollutions caused by oil, fuel, waste disposal, and
the effects of ballast water exchange processes. The oil contamination in the marine environment can pose a significant threat
to marine life, especially the phytoplankton. As one of the most important marine planktons, phytoplankton possesses the
basic status and function in the marine food chains, and also plays an important role in dynamics of material and energy
fluxes. It is therefore very important to study the impact of oil pollution on marine phytoplankton.

The effect of oil pollution on marine planktonic organisms has been studied both in the laboratory and in the field. The
median effective concentrations ( EC,;) of certain kinds of microalgae exposed to oil were measured and the toxicities of
different oil components and oil products were compared. Field researchers investigated the changes in phytoplankton after
oil spillage in certain sea areas. Some researchers focused on the gene or protein levels of certain types of microalgae
exposed to oil contamination, and others discussed whether the environmental factors such as ultraviolet radiation (UV) in
natural sunlight enhanced the oil toxicity or not. However, the responses of phytoplankton community under the stress of oil
contamination have not been highlighted yet. Our work is to simulate oil contamination on the natural phytoplankton
community and study the community growth. The objectives of this paper are to study the influences of oil pollution on the
ecological effects of marine phytoplankton, and provide the basis data for the loss assessment of marine living resources and
marine ecosystems caused by oil spills and oil pollution.

In four seasons from November 2008 to July 2009, the experimental phytoplankton was collected from the Yueqing Bay
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in Zhejiang Province. Eight groups of crude oil water accommodated fraction ( WAF) were set to perform the 15-day culture
experiments of phytoplankton. The chlorophyll a and cell density of phytoplankton were measured at every 24 h to reflect the
growth change of phytoplankton community.

It is indicated that crude oil pollution of high concentration ( =2. 28 mg/L) would greatly restrain the growth of
phytoplankton (P <0.001) shown by decreased chlorophyll a content and cell density, while crude oil pollution of low
concentration ( <1.21 mg/L) would promote the growth of phytoplankton instead. The chronic toxicity of crude oil to
phytoplankton have seasonal differences due to different natural water temperatures, e. g. phytoplankton is less tolerant to
pollution in summer than in winter because of higher temperature. There is a close relationship with positive correlation
between the chlorophyll a and cell density of phytoplankton ( P <0.001). In addition, the impact of crude oil pollution on
phytoplankton varies with time. The phytoplankton communities with low concentration crude oil pollution could recover to

grow, as the oil hydrocarbons were decompounded in the anaphase of culture period.

Key Words: crude oil water accommodated fraction ( WAF) ; marine phytoplankton; chlorophyll a; cell density
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F1 BEFETEFHFEYHENABMRESARIBHEDLL
Table 1 Dominant species of phytoplankton population and their percent of total cell density in different seasons

o 2 AR 23 Ee %

1 Seasons PE%Fh Dominant species Percent of total cell density
% Spring B 453% Skeletonema costatum 42
KZZIEBE Nitzschia longissima 32
5 Summer FIE B S, costatum 59
KEFLBE N. longissima 11
F Autumn [ 5+ Pleurosigma sp. 33
FHIE B S, costatum 18
4 Winter FIE B S, costatum 35
ER HBE B Melosira moniliformis 32

x2 BEWEFHFEVMIRKRSHY

Table 2 Sea water parameters of phytoplankton chronic toxicity experiment

IK B KU Parameters ## Spring % Summer # Autumn £ Winter
L Temperature/°C 20.5 28.5 16.5 10.5
R Salinity 24.20 23.58 25.67 25.18
pH 8.20 8.05 8.20 8.10
DO/ (mg/L) 9.15 8.92 9.05 9.21
WAERER NO, /(mg/L) 0.023 0.036 0.015 0.072
filiBRER NO; /(mg/L) 0.413 0.752 0.645 1.056
Bk NH, /(mg/L) 0.527 0.108 0.212 0.615
WREE PO~/ (mg/L) 0.076 0.067 0.044 0.089

IKIGEAE B FARTEEZK 20 L, 28 F0050 BB 5 A T e v BE Y L o BB A 31 552 36 7K T A PR s B AR [T v 3
YR RS EE 1R 8 21, Hirh 1 40 IR B2 401 3 A PATHE . DL A SRKIR R Ik IR 57 15d, R H 6T
FE G RER 50 (1000 +50) Ix, JEREHE 12 he12 h, & H Bk A& 55 75 0 18] TR B2 14 A28 16 1 430l
19.5—21.5°C 28.0—29.0°C \15.5—17.5°C 9.5—11.5°C . W T ER A 2 A iy Jo) 30030 3 5 0, AL/t
FJLRAREE WL 15d M35 3R E 208 K AR R I WAF W REXT LA 5, 72 st HF R 5 , AR 48
h P 5E 500 mL 3REGHEEK , FHEE MR B (T6 #2022 40 AT UL 236 BE 3, b 503 Arse FHA 228 1) I &
Hoe BEN (KPR 3.5 pe/L) .

M2EEK a(chla) FIIE LRI BUKEE 100 mL, 2 J5 A0 24 h B TUKEE 100 mL ] Whatman GF/F
PEREVEATUR R I 0, B R /N T 50 kPa, M IEM SRR a FEAR, ZE1HIERTIIA 1 mL 10 g/L B MgCO, B
W, 10 mLARFECH 90% RN T 0°C CRIEZRME F2 8 24 h, f#iH Turner design Trilogy 2G4 2 1
JKH chla W

YATTEL AR SIS T R B EROG BRZKAE 500 mL, Z )5 B0 24 h BALIBOKFE 500 mL, A 5 mL 1% &5
QYR , i 24 h 5 WRAR B35 SRR FHEUREE PRI 5] AR SRS A 0. 1 mL PRI 4 T HEOHE T B Ak
B (Olympus B42) FiEAT4NA 4L, B2 11413 we
1.3 s iba

BAEGE R SPSS 15. 0 8, 23815k 1 SigmaPlot 9. 0 #1474,

2 ER55H

JEIH WAF M BETE 15d 55370 0] N AR PR AN TR 2, 453050 4 T WA 78 55 3400 301 W Akt i 21 91 s

Jiih WAF WA T A8, #5221 B WAF FRARE DU SEA AR [R] , B 2 i Tk A i, A4 ZIR/K TR AH L
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Fig. 2 The oil WAF degradation changes of experimental groups in 15 d in four seasons

2.1 5l WAF SRR R a 1520

AR IRIEY) 2 5] WAF 15545 , chla ¥ AL WA 3,

FZ (8 3a) WAF e =4. 86 mg/L I, PRIFAY) chla Bl 35 I ) 9E K 0 FRAR , UEBA PRI M) AR K32 8 T
R EE WAF (306, 24 WAF ¥R 2. 28 me/L B, K5 F2 R, chla BT [A] 24 198020 fHEE 10 KJ5 chla &
2 BN R KT, HL BT B) R 2k T X R KT, 3 U8 B VPR A ) 76 0 3 1l A2 T G S AR Rl o] 8 Bl
15 YLK R B AR RS, BRI A I S A 4G . 21 WAF MR 0.36—1. 14 mg/L I, chla 7E3% 57
A (5.92—9. 72 wg/L) T 1E TXT R (2. 41—2. 65 wg/L) /K, 158 BH 7 Ui A ) 76 31X — R e 22 3
PR R PR . WAF ¥ 0. 18 mg/L B chla 281k 5 X5 FR 2 AR RL, AT D0 5 A0 3 J32 (%) 31 75 4% X6 37 107 L 40 5% Wi
AK.

H 7= (K 3b) WAF Mk =4. 68 mg/L I} IFHEHIY) chla BEREFE I E]) 5 K TR A, B chla 345 8 Kl T
O, i W I I AR ) 7 32 3 e v BE TS 4 Je AR K S8 2 il R IR . Y WAF ¥R BE R 2. 32 me/L B 5555 T
B, chla B a] ZEKC T REAIG, ELEISE 13 KA chla AR BIXT K, 24 WAF #REE 0. 68—1. 16 mg/L KT,
chla 7E35 77 G T (12, 62—12. 82 pg/L) , HI @ F X IR (2. 87—2.97 pe/L) /K, B IR FHE ) 7
X IR TG P MR K . WAF K <0. 40 mg/L B chla ZERIUARE SR 1Y 3d AR T X BR 4 /K57, (ELRG 1%
SR [T 4K B0 BRAT KT, HLZ S5 A8 A 35 5550 REZEARARL , Ui WX — 3 BN PR U ) e i AN K

FKZE (18 3¢) WAF M =2.32 mg/L I, PRIFAEY) chla B 35 I ] 4E 1 0 B ARG, DB SR iAo A K23 T
R WAF (3], {3 WAF Jh 2.32—5. 06 mg/L W B2 chla 235 5% 5 B80T TH i, R 21 T X R4 K
o 4 WAF ¥ BE 0. 46—1. 16mg/L B}, chla 75 35 77 1 W il 3 F+ 55 (4. 97—8. 75 ng/L), Hoam & T X iR 40
(2.32—2.58 wg/L) KV, BB — IRk BV R 2 AR F PR e 2B K . WAF MREE 0. 21 mg/L B chla 28 £k 5%
HEAARARL, 1T DL SR ARGV B A5 75 G AN S X PR A 0 7 A s

A2 (K 3d) WAF B =2. 48 mg/L B, WA TAIFAEY) chla B B 55 0 R T FEAIG ,{H 2] 6 d J5 chla 48
T AR M T B TR . 24 WAF #FE 0. 38—1. 21mg/L I, chla 7615 37 Fh i s B K (7. 66—
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8.89 pe/L) /T X IR (3.26—3. 48 peg/L) KV, HLAE— 15 Yk B 3 [l P9 Bl vk 3 7 v B B4 h Y
IFIEIHEIR . WAF ¥ EE 0. 19 me/L i chla 284k 5 % BRZH AL
—e— X4l —e— R HE4L
—o— 9.72 mg/L —o— 9.46 mg/L.
—v— 4.86 mg/L —+— 4.68 mg/L
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Fig. 3 Seasonal change of marine phytoplankton chla under different WAF concentrations
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AR ZEAT I Y EAS IR WAF J5 e 537 15d, 40M 2 B AR b5 chla AHEL(A0ET 4) .

B (Kl 4a) WAF YR =4. 86 mg/L B, VEIFAE ) 20 A 2 5 1y ZAK T B A, L sf [ 22 4 777 FAIK, 156 B
TRUAAEYI A K Z 3 TR B WAF 15593l 24 WAF ¥R 2. 28 mg/L Bf, K532 5 30, 4N B B i &
PR T X R, 2 WAF ¥R 0.36—1. 14 mg/L I, 20 i 2% 7 7 8% 5% v 3 s 75 (10, 72—29. 02 x 10°
/L), ETRTIRAL (2. 36—4. 14 x 10°4~/L) 7K, 15 BH 77 U7 H 40 763X — IRV 52 31 PRl P 0 e PR K, HL7E X —
15 Yl I T R P Bt A R T B RGBS R 4R . WA YR 0. 18 mgy/ L A 41 i %5 3 745 Ak 5 %) A 2 A
B, AT U A e 38 P it e X T A A R S T AN K

KB (K 4b) WAF ¥R =2. 32 mg/L B, 17 Ui AE 1) 40 I 25 B2 R I8 T X BRAE /K F, H WAF ¥R =4. 68
mg/L 2 VA B FE R5E 8 Kt T 0, Uk BRI 4 76 52 3 e Wk B vih 15 Y 5 B K S8 2 il IR Rk &
M WAF W 0. 40—1. 16 mg/L i, 412 8 2635 37 T UIGE T8 (75. 23—109. 65 x 10°4~/L) , SH R H )
3% — AP J3 30 Bl N B R PRI K . WAF R 0. 20 mey/ L 40 285 15 75 Ak a3 5 %k HR A AR DA

B (K 4c) WAF W E =5. 06 mg/L B, V7 EAE ) 200 it 2 32 118 748 A ke 3 B 5% 5 i [ 22 T RAIG, 1L 5. 06
mg/ L 21 AR 5 10 RITLAYKE , HLAESE 12 RS T X BRELK Y-, WAF WREEN 2,32 me/L 156
2 P R FEAE RIS 4d W2 B, Z 5 TR VKA, 55 9 KG B ad Xt U1K F, 24 WAF ¥ 0. 46—1. 16
mg/L I | 210 0 35 B8 78 15 5% v 1R T (6. 02—14. 20 x 10°AN/L) it i T3 IR 4H (2. 85—3. 15 x 10°4/L) /K
. WAF ¥RFEE 0.21 mg/L B 40 28 FE A8 Ak 5% B4 AR AL

K75 4d) WAF MR =2. 48 mg/L B, 006 77 Ui A 40 200 i 2% 5 I %5 7 B 1] B - 40K X6 BR ALK (B
8 K 4t 0 235 FE AR Ak Bl B AR S Tt s DR MK . 4 WAF ¥REE 0.38—1. 21 mg/L B, 40 0% BEAE 3G 5%
— BN FE I 1 AR (13.77—26.24 x 10°4N/L) , 18 T AR (3. 05—3. 61 x 10° /L) K, H.
A 775 Y U 3 T PR o o 0 g WAL S PR B ) A G . WAR YR 0. 19 myg/ L i) 200 i 285 2 A8 b 55 %) HR 4
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Fig. 4 Seasonal change of marine phytoplankton cell density under different WAF concentrations
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Fig. 5 The relationship of phytoplankton chla and cell density
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AN BT L TR B B TR WA SR AT R R A 5467 W/ NERBE R ( Chlorella) VI 2R
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