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GM-8 X 1F P Be LA A A2 By 52 i &l 2 F s
FLALR AR SR A B B (OLYMPUS BX51+DP72)
R, JE a3 ST EF OLYMPUS-BSW it
FAREIM . T ATLUE, B GM-8 H A3,

TEA P A FLACRL AR AT o LR AR X LY
T A A o X T AR R B Y (R Ak, Aoy
TR AR PR, B0 1 D 55 3R] B4
Pl

K2 GM-8 HIE XS IE + P be sl AR A i i

Fig. 2 Effect of GM-8 dosage on the particle size of n-tetradecane emulsion

GM-8 FLALJ A, TS i ik £ K FL,
TG B T Y PLET L IE + P beFL AL S SLI R
HY IS, HIE U 2L AR A KA E, 7R
Bi N R Bl BRI B, U E 7L
WORAR R BB — 7 AR, AR R/ SR AE R
R

K BVTRHE “HOKMFL” BT 6 A A i
THEREUR, 130 J7 -G 478 Tl 500 Bl A B2 Ak B vk
RTHEE 0 G U2 B R WY 2 23 i 1 g
51, WA R AR — R A, ER A ER

SR R B D . AR, TR BTSN, =
4 i 7 A B R B, AT S i il Y A
ZBIDB . R, AR E T 250, 2xhiEvE
PRBEIE A RIS e, I PRI Y A AR . T AR
K, BT BONMAT A T —E g, HiE
P R A ST R T I R, B IR A AME
T AR50 B8 T — AN SR Y 20%, AR SCER 4R
IRAFE 6 WA 8 b R i 4 D R Y 5%~
20%I0F, JEMET AT AR S FL e .+ GM-8 I T
VRV Vi T R 1 A B, R B AR B R X

Marine Sciences / Vol. 43, No. 3 /2019 21



Bt

MMAFLE, XT GM-8 78 SR I FH Hh 1 FH i 4
P A
2.1.2 /K HEXT GM-8 FLAK IE -+ 0 o 1 JE vt 44 5 i)
1 GM-8 1 R 1E A+ DU B S5 A it G 59%HT,
WK xR BCR RN R 3 FiR . 453
R, Bl K H B g N, T g K R A FL Ak TS
BB AR, SR FLIL)E B e B A R AR AR A . 1
— V1A P T R0 B A [ 5 1 SR I T, A
AR U0 T A9 5 T A P o B — 2 (B, D
M FLALRCR R — R, S K ELT R LR

0.8 IE Db S 5 —
0.7+

L

12 25
AR K

B3k X GM-8 FLARIE -+ P K S i ) B 5
Fig. 3 Effect of oil-water ratio on the emulsification of
n-tetradecane and crude oil by GM-8

2.1.3  pH X} GM-8 F| 4k iF I e Fl I i 5 il

H & 4 R, TE T ke KR i LAk TE £z pH
AL M3 /N pH DA 5 353 8, HriE -+
fot K S i 2L A T8 B TR A AR AR AR, Ul X
GM-8 BEME7E 1k 7K P15 Hh R i s e 44 L Ak ST A 1
H o pH (E52 M LA ROR 138 12 247 1) iy
BRI AT 2)R i K ca® . Mg™ BT
TR, AT AR fh 2 43 B30 4 A 25 okt A e o
FepEU Sz T 9 GM-8 Y pH B 7E 7~7.5 Z [,
EEE, 7ET I s ST, FLARUR
U e FULS RS R, WK HE AR 10 mL,
KF& P Cca® . M™% T a5 RH/N, X GM-8 JLT-
WA W, K, X5 IE 4 PO & s i 2L A RO 52
M 452 /1N o
2.1.4 RALEMT GM-8 XFIE+ ks F T L5

7E GM-8 Y F 0 IE + DU be sl # S5 5%, K
ok 11, pH A 7 MR, BT IE+ DUk K7
MFL LR e M A AR i 5 R, fEFLRIE R 7 d

' H@ART/CLE

W, IE U e SR ) B FLAR TR BOLT- B0 R ARk
Ao LRSS, RERIE UARE RFLI, e IAET
HREAFTE 7d B b EIhFLALE, SR T s S
T V1B R R A A ) =2 ) ) i T AR, % B
(Y HE— 20 AR W A — R R B4 . T AL
PRl 340K T i B R T AR, BB 84 B 5L A
JCRRESE o RT3 7RG TRAE 5 R A0 4 A A,
BT i A KA R

081 gz iE+puby NN 5
0.7+ \
0.5 \
.
=041 §
3 .
03F §
.
02} §
0.1} §
0.0 §

5 6 7

pH

K14 pH X GM-8 FLALIE + PO 4e Sl i ) 52 il
Fig. 4 Effect of pH on the emulsification of n-tetradecane
and crude oil by GM-8

0.8 DU T Jati
0.7+ M g E3 =3 ES B S
0.6 7 7 7 %
05F
= 04f
03F
02F
0.1F

0.0

HsfiE]/d

K5 GM-8 FLALIE A+ POk K Jtam it e
Fig. 5 Stability of the emulsion of n-tetradecane and crude
oil by GM-8

2.2 GM-8 5t $UiL R it B & ) P& 1% 6 %5 oy
2.2.1  JRIMAARE 2R

SR ARAE T 2l e 25 5 ANl 6 . Hgsanl
A IR AR AE T LLRIR A »=6.123 6x-0.005 9,
Hph R=0.996 3. il AMrik, FT Ll B A bR e
i, DA I A= 0 68 ik S A o o 32 B D T )
WRBE, I TG A R A R

22 TEPERLA /2019 4F /46 43 45/ 45 3 1Y)



HRIEX
1.0f
n

i [ ]
< 051
0.0k

| ' | ' |
0.0 0.1 02
Coil/(g/L)

K6 JUm-WOt B2 h £
Fig. 6 Standard curve of the concentration and absorbance
of crude oil

2.2.2  GM-8 FH & XF sk A Yy ek Ak T Tih 4 32 i)

FEBGHAYHE N 2.00 g/ RIME R, %571k
25T Y AR S Tons x LAR J T f A 0 A 1 5 T
gEIRANE 7 BroR o NIRRT LB ), BEE A2 05
FHRE RN, FLAR I 0 T ) R i 2R B B B 24
AR B9 R 1.5 mL i), FLARIE A R
BRIk B KAE, N 46.7%, BA BRIk i)
BF, fCAE 0T ST B 2R 29.9%, Ak T T 71
X FLAR S5 TR0 A W B A R ) DTk R 16.8% . B2 1k
SE T T R S Ak SRR, FL Ak SR 0 B A A I A
R R o A2 T TR0 179 32 B2 B 53 Sl A HIL A
e EW, Lo Ak A Y ml RLAE A7 I e s £ T 1 Bk
VR k2 T T 7R ) SRR s, B TR R
(R AT o LS, Ak TR0 5 e i T AU Y 5
G, YRR AL A 0 A R, IR 20l R
T A P AR R BN, BT H AR R A SE A, AR
T A A P R i

S0F

40 ///
I B BB BB
S EEEEER
11000
AR

GM-8{&FYmL

Bl 7 GM-8 X Ji i i1 R Ak 1) 5 i)
Fig. 7 Effect of GM-8 on the microbial degradation of crude oil

' H@ART/CLE

b2 T8 TR B AT SR K SR AT, T LA A 9 A ok
FLAEAE FH 38 s K A LA G 0 78 18 K i A
JE o A2 T ) ) A D A K R A TR
HE R T T 5 A v AR R A TR A 4 Ak e AR, DA S
TR A T R AR AL, ARSF R R
R AL A YL, T SRR S AL A ET LU
SR Wy A K BB IR L Princel VAEIESE TS A BES
A b 4 A W R A R A A R I (13.8 d
45555 11 d). Brakstad 21 OHRSY T UM Y UG
TS 0 A i, 45 SR 26 W AR T4 R0 5, b2 T T
#| Corexit 9500 UG, 15309 FLIBKAL T/,
PR 17T YR 1) 2% 18 RRUCEE R, A R A b s 1 A R
fi#t . Zahed 21X} Corexit 9500 1F F e 89 JE I (4 A 4
Wi ff 64T T I, GRS T 43000 4 08 A AR F T R4
T VTS G ZR G0 R A T AR W A o S D VR
100 mg/L 1, JILA 850 08 ST 0 2 90 8 A 38 de 1
KRBT 67.3%. Rl M JEIHk A 100, 500, 1000
F1 2000 mg/L B, ASHN53H8R 04 S 1) A= 0 % i 11
3 AR X T8 N4 BOR A S B, 4 IR T
3. 8. 12 A1 17 d. #Rifi, Kleindienst 25O FHc S 1
IREEH AR E R T IE ke 2SI A 4 R AL R,
ARSI T TH IR, 45 5 TR 0 A A A fik R A 4
S VA B
2.2.3  N/P XTFLAL)E TR M S 2R 1) e At 1 2 Tl

&l 8 7 1 7E SR e FE Sl 2.00 g/L, GM-8 1
WO 1.5 mL B, EFRITE N/P X FLLE Rl
R R 2R o S5 R R WY, AR FRERC LU X 43 5T 5L
AR DL ) A D R FR RS2 R TR . N/P Ol 12 1 I
BN, FLAL TR A P B A R A B K 65.9%,

0L ATE SSNGM-8

ISR /%
5

—
—
%)

1 5:1 0 7:1
N:P
B8 ZE LAk R BRI A W i B 5

Fig. 8 Influence of N/P on the microbial degradation of
emulsified crude oil

Marine Sciences / Vol. 43, No. 3 /2019 23



Bt

SRIGHIKIR A N/P 71, 3:1,10: 1 F15: 1, H
H, NP R 1 1 I FLAR R A A R R R EE 5 0 1
i v Y 7.6%. 4, FUARIIM A AR M s B e e
KE R m, msEwRmm NP 2k 5.67 @ 11,
AR N/P R TR R EE R, A BT IRAE A B
ARG, DI AT DAGE a2 S5 T 1 Bl 2 0 e
2.2.4  pH X FLALSE B B8 A Y R i 5

pH XF L ARSI A A W B AT R s ), B
& pH B3I, FLAR B ) AL A i 5 2 B G S 4
PN FEP R, BRI BT,
R R IR 67.5% . MZERMERFREE T, FLALIE MY
AP R R BN, RN R TERR IR, FLAk
i V1T ) A i 564 Ry 37.8%, TESE T pH {H & 52 ma FLEF
JE T AR P e i 1) — A B SRS IR 2 AR S
MK EREE R, pH (H 20 8.3, AR WXt SLAL I 9
29N 57.6%, SRORFEAE— AR & 1 K F o
BT, GM-8 A T Ab B IR P il =i, FRRETE— 2
FREE 1 A28 J5L 3 1 el A 0 o A

70 - 2 =51 GM-8
60
Qm—
% 40t
v 7
Em— %
"0t %
o
. é

1

6

9 0

K19 pH XFFLARJE i i ) fwl A 40y B it £y 532 Wi
Fig. 9 Influence of pH on the microbial degradation of
emulsified crude oil

2.2.5 B EXTRLALIE RIS Y RE S R e

T 0y 1) B o Sk 5 i 2 ) 68 i O s B PR R R
YIRS B, AEAe2ETH A 1.5 mL, N/P 2R 7, pH
H T WIEOLT, BEET AR T UG I i A A 4 ekt
FLALEIM B i R s, 518 10 Fos . UZEYY
F A % 2L 1k ST ) B AT BRI S T, Y o
WA IR I 1%, FLAR R Y B R 2
42.0% . G A Y RN I, ZLAR A e
VR A Ze G N . S RE Y R N E] 10%
IF, FLAG R0 A B IG n T —1%, 153 91.6%.

) H@ART/CLE

1007y 2511
Y GM-8 N
go| M ZH §
N
X N \
@w— § §
= , . N A
Z40 N N N NI\
= %§ %§ %g §§ Z%
/ N N
NS B I\ B\
1 3 5 8 10

TBE R /%

K110 Gl A Wy Ao o) LA D et Gl 2 00 8 i 11 52 i
Fig. 10 Influence of microbial inoculation on the microbial
degradation of emulsified crude oil

3 &

Ao 1 1 790 F) A P R LR 2 3 ik 9ok A L AR
B, S8 st ah £ K R A P AR, DA T BE— 2 e B i
T B TR IR A, R T A 2 3 3ok 790 ) B30 7 i
PR o AR SCIIE AR, GM-8 X IE - DUk K
JE A B R FLABCR . GM-8 114 FH R LA 16 £
A—ERFL, GM-8 JEH NN, 1E+ PUbe e bl
T IR/ . 2 GM-8 5 1E A+ U e K S5 i 11
o —EER, FLATEBULT A KR i 5L
L EmRe s e 7d DL E, HELBILPAZ G
T pH {EHIRZ IR

GM-8 REAE FEFL AL I i A TR P e, (ELR Ml 12
P A PE A A T ZUAR ISt i Sl A P R o e b
FT, WYX FLA Il B B R K 2] 67.5%. 2
N/P LR T 2 1, BEEYIXTFLA M A R R 8w, ol
65.9% . WA W B4 4l 45 0] 7L A D 4 A ) i A
RETFZME, 25 A ) A 12 b DR 5 SR R AR Y
1%3E NS 10%F}, FL A IS B9 A Py g A< 1 —
Vo FET LA LSRR, AR SO0 GM-8 1E i i i 1 S Ak
H P I — 5 1 T

S Xk

[1] Li Pu, Cai Qinhong, Lin Weiyun, et al. Offshore oil
spill response practices and emerging challenges[J].
Marine Pollution Bulletin, 2016, 110(1): 6-27.

[2] King G M, Kostka J E, Hazen T C, et al. Microbial
responses to the Deepwater Horizon oil spill: from
coastal wetlands to the deep sea[J]. Annual Review of
Marine Science, 2015, 7: 377-401.

24 TEPERLA /2019 4F /46 43 45/ 45 3 1Y)



[10]

[11]

Bt

Zhang Dayi, Ding Aizhong, Cui Shuangchao, et al.
Whole cell bioreporter application for rapid detection
and evaluation of crude oil spill in seawater caused by
Dalian oil tank explosion[J]. Water Research, 2013, 47:
1191-1200.

Liu Xin, Guo Jie, Guo Mingxian, et al. Modelling of oil
spill trajectory for 2011 Penglai 19-3 coastal drilling
field, China[J]. Applied Mathematical Modelling, 2015,
39: 5331-5340.

Head I M, Jones D M, Roling W F. Marine microor-
ganisms make a meal of oil[J].
Microbiology, 2006, 4: 173-182.
Atlas R M, Hazon T C. Oil biodegradation and biore-
mediation: a tale of the two worst spills in US his-

Nature Reviews

tory[J]. Environmental Science and Technology, 2011,
45 (16): 6709-6715.

Grote M, Van Bernerm C, Bohme B, et al. The poten-
tial for dispersant use as a maritime oil spill response
measure in German waters[J]. Marine Pollution Bulle-
tin, 2018, 129(2): 623-632.

Kleindienst S, Paul J H, Joye S B. Using dispersants
after oil spills: impacts on the composition and activity
of microbial communities[J]. Nature Reviews Microbi-
ology, 2015, 13: 388-396.

Hamdan L J, Fulmr P A. Effects of COREXIT®
EC9500A on bacteria from a beach oiled by the Deep-
water Horizon spill. Aquatic Microbial Ecology, 2011,
63(2), 101-109.

Kleindienst S, Seidel M, Ziervogel K, et al. Chemical
dispersants can suppress the activity of natural oil-de-
grading microorganisms[J]. Proceedings of the Na-
tional Academy of Sciences, 2015, 112(48): 14900-
14905.

BRI MR, T R0 i L A SR Al e YRR S ().
HPEIRIE R, 2016, 35(2): 274-278.

Qian Guodong. Evaluating chemical dispersant efficacy
on crude oils in awave tank[J]. Marine Environmental

Marine Sciences / Vol. 43, No. 3/2019

) H@ART/CLE

[12]

[13]

[14]

[17]

Science, 2016, 35(2): 274-278.

AR, BOKES, PhEEHE, 5. SPERRE CHOKHF
27 Vi I O BRAIE S PR R[], R R A R
(FARBLRR), 2015, 45(1): 55-62.

Bao Mutai, Pi Yongrui, Sun Peiyan, et al. Research
Progress on “Deepwater Horizon” Oil Spill of Gulf of
Mexico[J]. Periodical of Ocean University of China,
2015, 45(1): 55-62.

X SMHBORE F T i AL AR A P R R WFFE (D).
8 TR 2013,

Liu Di. Study on the emulsification and biodegradation
efficiency of oil spills under the action of dispers-
ants[D]. Qingdao: Qingdao Technological University,
2013.

MR, Mok, RRERAS, AL T IR N i P 2
ITFIEIRBEAT HRSE AT, 75 5 BT RS544R, 2017,
38(6): 89-94.

Ye Zhibo, Yang Le, Deng Ruijie, et al. Influence of
dispersants on the environmental behavior of poly-
cyclic aromatic hydrocarbons derived from marine
spilled oil[J]. Journal of Qingdao Technological Uni-
versity, 2017, 38(6): 89-94.

Prince R C, Mcfarlin K M, Butler J D, et al. The pri-
mary biodegradation of dispersed crude oil in the sea[J].
Chemosphere, 2013, 90(2): 521-526.

Brakstad O G, Daling P S, Faksness L G, et al. Deple-
tion and biodegradation of hydrocarbons in dispersions
and emulsions of the Macondo 252 oil generated in an
oil-on-seawater mesocosm flume basin[J]. Marine Pol-
lution Bulletin, 2014, 84(1-2): 125-134.

Zahed M A, Aziz H A, Isa M H, et al. Kinetic modeling
and half life study on bioremediation of crude oil dis-
persed by Corexit 9500[J]. Journal of Hazardous Mate-
rials, 2011, 185(2-3): 1027-1031.

Pritchard P H, Costaia C F. EPA’s Alaska oil spill bio-
remediation project. Part 5[J]. Environmental Science &
Technology, 1991, 25(3): 372-379.

25



HRRTL » |7
H@A RTICLE

Effect of Chemical Dispersant on the Emulsification and Mi-
crobial Degradation of Crude Oil

Pl Yong-rui, TANG Yong-zheng, WANG Ai-min, LV Yong-hong,
LIU Hong-mei, GAO Li
(School of Ocean, Yantai University, Yantai, 264005, China)

Received: Nov. 7, 2018
Key words: chemical dispersant; n-tetradecane; crude oil; emulsification; biodegradation

Abstract: Dispersants are commonly used in emergency response to marine oil spills for promoting the dissolution
of oil into water and reduce the transport of hydrocarbon to shoreline ecosystems. Herein, the emulsification effect
of n-tetradecane and crude oil was analyzed from viewpoints of Guangming chemical dispersant GM-8 dosage,
oil-water ratio, and environmental pH. Results showed that GM-8 has excellent emulsification capability on crude
oil. When the amount of GM-8 is 5% of crude oil, the emulsification index of crude oil is high. When the amount of
GM-8 and crude oil reaches a certain value, the emulsification index exhibits a negligible effect on the amount of
seawater. The emulsified crude oil is almost unaffected by environmental pH and forms a stable emulsion in sea-
water. GM-8 enhances the microbial degradation of emulsified crude oil. Both N/P, i.e., the environmental pH, and
inoculation quantity of the microorganisms have a significant influence on the biodegradation of emulsified crude
oil. The biodegradation removal percentage of emulsified crude oil was doubled, peaking at 91.6%, when the mi-

crobial inoculum increased from 1% to 10% of the medium volume.
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