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200090)

HE REAZNEFRTE, R T FEKE 075 R ik 1 A A M & 4 (Water accommodated
fraction, WAF)xt/NER 3 (Chlorella vulgaris)th £ K % R £ R, & F B R, KEE W 0"5 i WAF
(0.30, 0.10 mg/L)F & 3 WAF(1.17. 0.58 mg/L)#k 4% (& 3 N2k 3 89 = K, H 074 7 WAF # 0.10 mg/L
255 40 Fn B 9d WAF 89 0.58 mg/L 5236 41 78 96 h B, /NERE 20 % & B 2 8 T At B 41(P<0.05); T &
WK JE B 074 3 WAF(8.10, 2.70, 0.90 mg/L)#1J% i WAF(9.36, 4.68. 2.34 mg/L)4 44| /N 2k 3 Y 4
K L0748 3 1 3 WAF 4 /NER % B9 96 h-ECso 25  3.34.6.54 mg/L, NOEC %% % 0.30.1.71 mg/L,
LOEC %% % 0.90, 2.34 mg/L. 0"%¢3h WAF 8 % M & T )8 i WAF, 0758 o 7 J& i A& 1 R o 41

HEREYN _HEURRFHNEIERNER
e 30

hESEE X171 XHEERIRAG A

AR — PP R R 2 IR A, EEA
BRI, A BHSN 95%-99%, A2 D)
I A R AU T K R Y 3 B iR 4% (Zakaria et al,
2000), A AR, TEAMNAME YA 1k
EMAYE S ERZ W m T, A2 41 il A # e
ST LA B 5 2 R 2 Bt s ) ) B T AS BT ek A, H R 43
F LI KM 3 (Water accommodated fraction, WAF)
S A W o 0 =X R =R D B E 2 S8/ B2 3 s N
93 AR ¥ e e DL T R4 4 (Mackay et al,
1980). A iH1i5 YLy Re TP A ) i 5 03U . BE
HHIK A 3EH(Lee et al, 1997), X& KM EA Y4
7% # (Gilde et al, 2012; Bejarano et al, 2006; Rodrigues
et al, 2010), TFIEAHY))E Tl AR SRS Th R 94
PR, AT Y EE b S SR GO0 BT A ) R
R, A BN EN ST REEWEESHA Y LA
Y A5 5 (Wang et al, 1998). 1175 YLy R 77
AR AR B & 2 5 T Y, H T E AN X
15 G A 7K U M B 0 X AN [R) A 2 T v I DA A 1 B
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et al, 2008; Chao et al, 2012; Desai et al, 2010), {HH T
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SRy, NI, AHTFEEa AR 28 de . Bk

Wy 11 Fp AR A A, SR 12 15 3% (Guillard et al,

1962)TEC IR 740 UG 55 2R BUE KW, KRR
H(21 £ 1)°C,EIEEEN 2500 1x, 6K EM 12h - 12 h,
TR ERFESPIR . W KHCH VLI 8 JE R
921, pH N 8.1), £ 0.45 wm BSES 2T 2 ik fdh g |
R RZEVRK T, A B 55 R

1.2 EEBEmEH &

¥ 0756 . R4 S5 g KA 1 107 2 )
Fodhl, BFRBFEL L, ELm iR 24 b JF,
FHE 3 h B KA, A BB P 1 B A A
(PTMET-2E, 1998)., flifH 752N BULEAMr Y EEH(
T = B R w0 ) I A2 A 9 438 A 1 e () 50 o o A
BRI EE R, 2008), 0°SEu T, O 2R i
ST D
1.3 0*4&i. JHil WAF Ao o4

BB L 0748 . Bl WAF, A 60 ml IEC
WE (B, i%4% , Thermo Fisher Scientific, USA)4> 4 K%
B, BRARG 8 (KS-2, VLI 43z e F s il
WA A EDIEY 2 min 542, 3154 60 ml
IECREARR, ARG L/min)E46 2 1 ml J5W%
B EEIECkE, FYLEEFEHETT GC-MS(5977E, Agilent
Technologies, USA)/H#. #FET=0: A3l Aori;
#HA: AR mUmin); #EFEE: 0.2 pl; FEHEHERES
290°C ; fEHLRIRIE N 280°C ; HEIRALT . #IR 50T,
R 1 min J5 L 6°C/min B3 EFHE E 280°C, fHIR
P45 10 min; BFUR: EBI; B FIREE: 70 eV, &
FACH: 300 Pa; B FEUREE: 200°C; AL
50-550 amu F ZhiHiE; Uik 2. R NISTIS %)%
1.4 LIEItT

FEHL 200 ml AbFHE B0 K 1(36.23 x 10° ~/ml)
M B 2 250 ml IR P E 0, ARG TSL
I RLER, PR R L BRI HERE 07253 WAF (5250
WRE T 0,10, 0.30, 0.90, 2.70. 8.10 mg/L; J5iih
WAF ¥ B2 435115 R 0.58 . 1.17.2.34, 4.68.9.36 mg/L.
A G B T IRER A R %, DA 0748 . IR
T WAF (PSSR X B, R 3 MR .
SCERAEHEAT 96 h, A TS 0. 24 48, 96 /NETHURE .
HUFER R 1 ml, SeH Lugol MUY [E 5, 5 H M BRIT4L
MRTHC, MG Aah S e A %

1.5 BESH
1.5.1 96 h-ECso it 35 SR AR B3 B2 X B0
(FETZE, 2002)i1H8 H 96 h-ECso, LhA=¥H M Seh 4
JEHE 50%MEIK FEIC N ECsoo AHNTIE KR (K) 7
PR ARITE
K:lnN,;lnNO )
o, NS 2RISR N, MR
WA T N853R (h).,
AR AT
K, -K,

I= ©)
KC
A, K. T BRI XS BGOSR 5 K, R b BRZ AR X

R,

R A 1] 25 114 T3 5 A5 FUAH I P e B o 4, L
A A B B ROV T FE, TR 96 h-ECs.
152 NOEC. LOEC 33t N THiIA 0" Sl Fsti
WAF X /NERE A 4 52 M 2800 15 1, 43903158 NOEC
1 LOEC i, NOEC(No observed effect concentration)
SEARTEMERLON 5 X BR2H TG W 2 25 S 0 e KA B E
LOEC(Lowest observed effect concentration) g 5 &1
RO 55 0 B W3 22 S W B /N IEE o SR T 250 B
(One-Way ANOVA)H /] Dunnett £ 5 H 80K 56 1 &
O" SIS WAF X/NER B A0 ) NOEC #i
LOEC 18,

1.6 HESIHTSHH

K SPSS 19.0 #ATEHR AT SAR, R ¢ K
Bk GE Tt 43 A S 5 40 5 [ B 0T HE 4[] ) 22 57 . P<0.05
B g 225, RIS RO AT o K,
PASSE L AT FE

2 RS54

2.1 O"LEiMANJE i WAF BIE S

AR OF ST AN E I WAF A8 25 08 S U
I ST S O T A6 i - M | = R Sy E 5 T U ]
(F D)o NFE 1 ATRIEH, MR EE TR, 07483 WAF
W5 R T UYL i T R WAF
2.2 O"LEshFNE i WAF XF/NERGE 4 K B 2200

SEUS AR, X R 2 Y /N BR i X AL T S Uk K
107, A R A 25 TR B Y PR B K, T 0 S gt A iR
TH WAF Xt /]NBR7E i 20 i 2385 1 A8 A6 ) 7= A T R [R) R
FISZIE (] 1), S5XF LA AL, 7E 0" 543l WAF $20
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F 1 0'SEMANRE R WAF A5 tEfl
Tab.1 Proportion of components of WAFs of No.0
fuel oil and the crude oil

HorEsTH
Proportion of component(%
i Oil P ponent(*)
FHHRR PSS
Aromatic hydrocarbon Alkane

#ikl 5

0751 WAF 22.1 50

No.0 fuel oil WAF
Vil WAF 18.5 48

Crude oil WAF

T, NEREE AN R B 3 RS TR B AR bk B
(F 1-a) 8.10 mg/L 256 2H /INEK i 200 it 285 i 77 48~ 5C
B h AR RN RREE TR 2.70. 0.90 mg/L 5254 /)N
BRIEZ0 MO 2R BE 4> BIFESS 24 . 48 /INIHA AR 5454
TR, 5 8.10 mg/L S0 AR fHaFAH ) 50.30.0.10 mg/L
ST 2 /)N 35K 8 240 L R AE A S e i R v R B R
2 FFE, H 96 h i 0.10 mg/L SZ5 2H /INER 5 200 Jifa 255
B3 T R B ZH (P<0.05) 5 0.30 mg/L 5256 4H /N ek
T 241 23 U 25 T TR A X B ZH.(P>0.05) . 5% BEZH A
FEASAT L, 7R WAF 520, /NSRS A 4t it 285
FIHR 3 AR AR LB 1b), 9.36 mg/L S5
JINER P AN R T 4.68 mg/L SEEA
JINER P AN 2 FEAE SR 48 /NI IR B W I R T R
120 o 810 mg/L a

—=— 270 mg/L
100 r —a— 0.90 mg/L
—x— 0.30 mg/L

80 | —*— 0.10 mg/L
—— Omg/L

A Cell denesity/(1054~-ml™)

M1 E Cell denesity/(1054~-ml™)

0 24 48 72 96
fit/E] Time/h

BT 05 (a) I (b)WAF 5 TR /Nl i A= 4 i 2%
Fig.1 Growth curves of C. vulgaris treated with WAFs of
No.0 fuel oil (a) and crude oil (b) WAF

2.34, 1.17. 0.58 mg/L SE5G2H /INER 5 200 i 2% 155 35 e B0
FHESE FTF, H 2.34 mg/L 5256 2H /)N BRI 40 i 5 i 4
K18, HAMSE AR 96 /NI i K T [A) 399 % i
ZH(P<0.05), 1.17. 0.58 mg/L SZHG2ZH /NS 4 40 Bt 2355 B 7
AR R RIS FFLEE T, H 96 h ), 0.58 mg/L
S ZH /INBR 3 20 6 25 R 0 S 1 T R N B 4H.(P<0.05),
1.17 mg/L 52505 2H /INEK 35 200 i 285 5 D0 s o (] 401 ) R
ZH(P>0.05),

2.3 O0*SEimANEE WAF XF/NEKEBY 96 h-ECs).
NOEC. LOEC

AR A (1) Q)T A5 3] 07 SE 3 A WAF Xt
ANBREE A B SV 56 R M 96 h-ECso (5 2), Z5H%
B, 07453 WAF XF /NERE I 96 h-ECso {4 3.34 mg/L,
NOEC i}y 0.30 mg/L, LOEC &} 0.90 mg/L; J5iiMi
WAF X/NERBEY 96 h-ECso {4 6.54 mg/L, NOEC {H
4 1.71 mg/L, LOEC {H N 2.34 mg/L, /NEREXF 074
il WAF [ f U8 & T il WAF, S T 3ET 5
96 h-ECso FUTT5E1E, XF 07483 . J5Ih WAF B3 =
N RRIEAT o K9, 2% o A5 o00.05=23.685, ASHFITL,
IR, 0", J5h WAF B9 o2 /T y00s(GE 2),
Ut A 791 28 S I R A A BE R

£ 2 0"l AR H WAF Xf/NEKERY 96 h-ECs) 1B ..
B35 8K NOECs. LOECs
Tab.2 ECsgvalues, NOECs, LOECs and regression

equations for C. vulgaris treated with WAFs of No.0 fuel oil
and the crude oil

A Oil

BgE|
Items 0"4€ii WAF JH WAF
No.0 fuel oil WAF Crude oil WAF
I 1
AR y=0.421x+1.01  y=0.181x+0.84
Regression equation
R’ 0.98 0.92
r 0.33 0.15
96 h-ECs, (mg/L) 3.34 6.54
") 221 )
95% 1 I fi)(mg/L) 2.90-4.51 4.35-8.03
95% confidence interval
NOEC(mg/L) 0.30 1.71
LOEC(mg/L) 0.90 2.34

3 T

A VT X T A 3 U R ) A A W S i B AT LA e R
ARG, RT AR HIVE R, A 2F 5 1
Y5 A IS B A ¢ (Pereira et al, 2012) , ARFF5T
o FE AR IE T /NEREER IR TR I R FE Ak
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RIAHIEME, 2 B R T B IR, 074E31(0.30,
0.10 mg/L L0 41) sl (1.17 . 0.58 mg/L L 5%
ZH)WAF ¥IREAEHE/NERBE I A= 4 o PSS B0 AL/ ek 3
MR RETE 96 h INFRZE BTV, 7E 96 h B ¥ o 25 T [A]
X BB (P<0.05) (& 1), i 5 HAM A7 I vk B2 A il
S5 1 R i A A 1 A A B A A R 4 R — 3R
(Nayar et al, 2005; El-Sheekh et al, 2000), H:J5 K &4
B W) 00 A B AR BT o B Y 4 25 B4 (Stimulatory
effects), Bl “FEWAI A5 (Hormesis) T 5] LAY
(Stebbing, 1982), £ “FEHIHYNSARON” MEHIT, BRI
ARV B AR R R A5 T, /N BRI NI MR B
HIE(ROS) A —EBRE T+ 5 1 ROS 1YY 7+
REME AR Al AR | B B T 5 R] st B G 5
PR S SE TR TR M, BE O SE SR 40 Y DNA
RNA FIH A S S (El-Sheekh e al, 2000
Cerutti et al, 1989), M sk ny LK, A, H
TR R iR S G A, XSk A A
YIAE SR B B AR TR K AR PR IE R W i R A AR
TR, AT LU AR R HAE R BT 5 A ML 8 RN 10 450
F W) i (Nayar et al, 2005; Semple et al, 1999), MIfila]
AR R R A o AH TR DA RN X I AT
W AERKAEEVER, BA — R B S BRI RR ) o il 1A
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HIVEF . 0" WAF 2.70. 0.90 mg/L SZER4H fEfS e
24 h .48 h ZHIfE#E/ Nk R A1 s J5H WAF 4.68 mg/L
SCIRHREMETE 48 h ZEIfE S/ hEREE AR K, HX A
Pk A K A R YRR R A . 07453 WAF 2.70.,

0.90 mg/L SLE A /NERPE R AE K A I #E 24 h, 48 h )&
B, AR R KA R R il WAF
4.68 mg/L LI/ NERFEM AR AAE 48 h 55220
il 2t R P B AR R TR [ T e R R A R
FEFERT, 0745 8.10 mg/L SZIRZH A 9.36 mg/L 5K
B9 20 WAF P)/NERBEAE K B2 8, S0 —JF iR
JINER ) 40 2% B B4R T B (1) o 3K 2 PR R 7 i ik
FEAMIE R B AT, AT/ INek i A K i B i 7
FA G S, o v B 0 AR e e TN BR
MGEAE IR, BEAR/NEREEXS CO, iYW . FHLIE 20
MLor24 . BEAROE A VR F AN AR 3 %8 (Singh et al,
1990), [FIAF(E AR LNME H 4 o KIREER . B
Bg . H 0 =R R % 7 PR AIK (Morales-Loo et al, 1990),
JF HREW T P41 AL b7 18 2R 48 19 1E 32 % (Aksmann
et al, 2008), MM FEEAAR = A s EER, i BRI
K (Pereira et al, 2012), [Alf, %2 B945 58 B, 0
SEH WAF XF/NEREERY 96 h-ECs, fEAR T 53l WAF,

B 0" 5E 3 WAF X /NER 3 B B PR 25 T J5LH WAF .
X2 R R A IR B R R T 0T B A oy
A . 25, JF) R RARSr T ek Bebe 5L A7 4
Y, HatS5HA B IE I R (Pulich et al, 1974),
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Effects of Water Accommodated Fraction of No.0 Fuel Oil and
Crude Oilon the Growth of Chlorella vulgaris

LI Lei, SHEN Xingiang, WANG Yunlong, JIANG Mei"
(East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai  200090)

Abstract

We performed 96 h growth tests in a batch-culture system to study the effects of water

accommodated fraction (WAF) of No.0 fuel oil and the crude oil on the growth of Chlorella vulgaris. The
results showed that the growth of algal cells was inhibited by WAF of No.0 fuel oil at the concentrations
of 8.10 mg/L, 2.70 mg/L and 0.90 mg/L. As for WAF of the crude oil, the inhibiting concentrations were
9.36 mg/L, 4.68 mg/L, and 2.34 mg/L. After 96 h, the densities of algal cells in the 0.10 mg/L No.0 fuel
oil group and the 0.58 mg/L crude oil group were significantly higher than that in the control groups. In
the contrast, the growth of algal cells was promoted by WAF of No.0 fuel oil at 0.30 mg/L and 0.10 mg/L,
and by WAF of the crude oil at 1.17 mg/L and 0.58 mg/L. The 96 h median effect concentrations (ECsg) of
WAFs of No.O fuel oil and the crude oil were 3.34 mg/L and 6.54 mg/L respectively. The no observed
effect concentrations (NOECs) of WAFs of No.0 fuel oil and crude oil were 0.30 mg/L and 1.71 mg/L
respectively. The lowest observed effect concentrations (LOECs) of the two were 0.90 mg/L and
2.34 mg/L respectively. The toxicity of WAF of No.0 fuel oil was higher than that of the crude oil, which
mainly resulted from the differences in the components of the two WAFs.
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