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ABSTRACT: A study was undertaken on the dispersion,
microbial colonisation and biodegradation of chemically-
dispersed weathered Forties crude oil under simulated
marine conditions in laboratory microcosms. The
measurements of droplet size, number and microbial
colonisation were made using new techniques developed by
the project team. Rapid growth of indigenous micro-
organisms capable of degrading both crude oil and
dispersants was observed in the presence of chemically-
dispersed oil. These organisms colonised the dispersed oil
and biodegraded the aliphatic and aromatic hydrocabons.
These processes was stimulated by the addition of
inorganic nutrients. Some colonised droplets agglomerated
into neutrally-buoyant “clusters” (100 µm- 2 mm diameter)
consisting of  oil, bacteria, protozoa, and nematodes. After
substantial hydrocarbon biodegradation these clusters sank
to the bottom of the microcosms. No biodegradation or
cluster formation was noted in “killed” controls in which
biological activity had been inhibited. Different dispersants
promoted microbial growth to differing extents. These
results suggest that the addition of dispersants can increase
the rate of oil biodegradation under natural conditions by
promoting the growth of indigenous hydrocarbon-
degrading bacteria, as well as increasing the surface area
of oil available for microbial colonisation.

Introduction

7KH� VWXG\� RI� WKH� LQWHUDFWLRQ� RI� VPDOO� RLO� GURSOHWV� �����
µP�GURSOHWV��ZLWK�PLFUR�RUJDQLVPV�XQGHU�VLPXODWHG�PDULQH
FRQGLWLRQV� KDV� EHHQ� OLPLWHG� E\� WKH� ODFN� RI� WHFKQLTXHV� WR
PRQLWRU� GURSOHW� VL]H� DQG� PLFURELDO� FRORQLVDWLRQ� ZLWKRXW
XQGXO\�GLVUXSWLQJ� WKH� VDPSOH��7HFKQLTXHV�XVHG�SUHYLRXVO\
LQFOXGH�SDVVDJH�RI�GURSOHWV�DW�KLJK�IORZ�UDWH�WKURXJK�VPDOO
DSHUWXUHV� �XVLQJ� D� &RXOWHU� &RXQWHU��� ZKLFK� PD\� FDXVH
GURSOHW� VKHDU�� RU� E\� DOORZLQJ� RLO� GURSOHWV� WR� IORDW� WR� WKH
VXUIDFH� LQ� DQ� RVPRWLF� JUDGLHQW�� ZKLFK� PD\� HQFRXUDJH
FRDJXODWLRQ�DQG� IDLO� WR�PHDVXUH� VPDOO�GURSOHWV�ZKLFK�PD\
EH�PDLQWDLQHG� LQ� VROXWLRQ� E\� %URZQLDQ�PRWLRQ� �'HOYLJQH
DQG�6ZHHQH\��������.ULJVYROO�HW�DO���������9DUDGDUDM�HW�DO��
������� 7KH� SUHVHQFH� RI� PLFUR�RUJDQLVPV� DQG� RWKHU
FRQWDPLQDQWV� LQ� WKH�VHDZDWHU� � LQWHUIHUHV�ZLWK� WKH�DFFXUDF\
RI� D� 0DOYHUQ� SDUWLFOH� DQDO\VHU�� � 7KHUHIRUH�� ZH� KDYH
GHYHORSHG� D� QHZ� WHFKQLTXH� GHULYHG� IURP� WKH� ZRUN� RI
'HOYLJQH� 	� 6ZHHQH\� �������� ZKLFK� UHGXFHV� WKHVH

GLIILFXOWLHV� DQG� DOORZV� PLFURELDO� FRORQLVDWLRQ� RI� VPDOO
GURSOHWV� WR� EH� GHWHUPLQHG� �6ZDQQHOO� HW� DO��� ������� 8VLQJ
WKLV�WHFKQLTXH�DQG�RWKHUV��ZH�KDYH�IRXQG�WKDW�LQFUHDVHG�RLO
GLVSHUVLRQ� LQ� PDULQH� PLFURFRVPV� RFFXUUHG� ZKHQ� WKH
K\GURFDUERQ�GHJUDGLQJ�SRSXODWLRQ�LQFUHDVHG�VXIILFLHQWO\�WR
VWDELOLVH� WKH� RLO� GURSOHWV� GLVSHUVHG� E\� SK\VLFDO� SURFHVVHV
�L�H� GLVSHUVLRQ�SURPRWHG�E\� D� WDQJHQWLDO� DLU� IORZ� RYHU� WKH
VOLFN�DQG�%URZQLDQ�PRWLRQ���D�SURFHVV�WKDW�ZDV�VWLPXODWHG
E\� WKH� DGGLWLRQ� RI� � LQRUJDQLF� QXWULHQWV� �6ZDQQHOO� HW� DO��
�������$V�WKH�SURGXFWLRQ�RI�H[WUDFHOOXODU�ELRVXUIDFWDQWV�ZDV
QRW�GHWHFWHG��WKH�VWDELOLVDWLRQ�RI�WKH�SK\VLFDOO\�GLVSHUVHG�RLO
GURSOHWV� ZDV� DWWULEXWHG� WR� D� FRPELQDWLRQ� RI� WKH� EDFWHULD
SURYLGLQJ� D� SK\VLFDO� EDUULHU� SUHYHQWLQJ� WKH� UH�FRDOHVFHQFH
RI� WKH� GURSOHWV�� DQG� DQ� DOWHUDWLRQ� RI� RLO� GURSOHW� EXR\DQF\�
0LFURVFRSLF�H[DPLQDWLRQ�RI�WKH�GLVSHUVHG�GURSOHWV�VKRZHG
PDQ\�ZHUH�FRORQLVHG�E\�EDFWHULD��DQG�WKDW�ZLWK� WLPH�WKHVH
FRORQLVHG� GURSOHWV� DJJORPHUDWHG� LQWR� ODUJH� QHXWUDOO\�
EXR\DQW� ³FOXVWHUV´� RI� RLO�� EDFWHULD� DQG� RWKHU� PLFUR�
RUJDQLVPV�� 6XEVWDQWLDO� ELRGHJUDGDWLRQ�RI� WKH� RLO� GLVSHUVHG
LQ�WKH�ZDWHU�FROXPQ�ZDV�REVHUYHG�LQ�WKH�ELRORJLFDOO\�DFWLYH
PLFURFRVPV�DIWHU����GD\V��D�SURFHVV�WKDW�ZDV��DV�H[SHFWHG�
VWLPXODWHG� E\� WKH� DGGLWLRQ� RI� KLJK� OHYHOV� RI� LQRUJDQLF
QXWULHQWV��$WODV�DQG�%DUWKD��������
5HVHDUFK� RQ� WKH� HIIHFW� RI� GLVSHUVDQWV� RQ� WKH� IDWH� RI

GLVSHUVHG�RLO�KDV�RIWHQ�EHHQ�FRQIOLFWLQJ��ZLWK�VRPH�ZRUNHUV
SURSRVLQJ� WKDW� GLVSHUVDQWV� KDG� OLWWOH� HIIHFW� RQ� RLO
ELRGHJUDGDWLRQ�� VRPH� VXJJHVWLQJ� D� SRVLWLYH� HIIHFW� DQG
RWKHUV� QRWLQJ� D� QHJDWLYH� HIIHFW� �9DUDGDUDM� HW� DO��� ������� ,W
KDV� EHHQ� VXJJHVWHG� WKDW� GLVSHUVDQWV� WHQG� WR� LQFUHDVH� RLO
ELRGHJUDGDWLRQ�E\�LQFUHDVLQJ�WKH�VXUIDFH�DUHD�IRU�PLFURELDO
DWWDFN�� DQG� HQFRXUDJLQJ�PLJUDWLRQ� RI� WKH� GURSOHWV� WKURXJK
WKH� ZDWHU� FROXPQ� PDNLQJ� R[\JHQ� DQG� QXWULHQWV� PRUH
UHDGLO\� DYDLODEOH� �0XO\RQR� HW� DO��� ������� +RZHYHU�� VRPH
GLVSHUVDQWV� ZHUH� DOVR� IRXQG� WR� KDYH� D� WR[LF� HIIHFW� RQ
PLFURELDO�SURFHVVHV�UHWDUGLQJ�WKH�UDWH�RI�RLO�GHFRPSRVLWLRQ
�0XO\RQR�HW�DO���������9DUDGDUDM�HW�DO����������9DUDGDUDM�HW
DO�� ������� VWXGLHG� WKH� FDSDELOLW\� RI� GLVSHUVDQWV� IRU
LQFUHDVLQJ� WKH� VXUIDFH� DUHD� RI� GLVSHUVHG� RLO� DQG� DIIHFWLQJ
WKH� JURZWK� RI� K\GURFDUERQ�GHJUDGHUV�� DQG� FRQFOXGHG� WKDW
ERWK� RI� WKHVH� IDFWRUV� LQIOXHQFHG� WKH� HIIHFWLYHQHVV� RI� D
GLVSHUVDQW��7KH\�IRXQG�WKDW�LQFUHDVLQJ�WKH�VRUELWDQ�FRQWHQW
RI� WKHLU�GLVSHUVDQW� VWLPXODWHG�RLO� ELRGHJUDGDWLRQ� E\� DFWLQJ
DV� D� QXWULHQW� VRXUFH� IRU� WKH� JURZWK� RI� K\GURFDUERQ�
GHJUDGHUV��9DUDGDUDM�HW�DO�� �������FRQGXFWHG�WKHLU�ZRUN� LQ
���� PO� ERWWOHV� VKDNHQ� LQ� D� RUELWDO� VKDNHU� LQ� RUGHU� WR
PDLQWDLQ� FRQVWDQW� H[SHULPHQWDO� FRQGLWLRQV� DQG� DOORZ



UHSOLFDWLRQ�� 7KLV� SDSHU� GLVFXVVHV� UHVHDUFK� FRQGXFWHG� LQ
QDWXUDO� VHDZDWHU� DW� ��� OLWUH� VFDOH� LQ� D� 0DFND\� DSSDUDWXV
GHVLJQHG� WR� EH� PRUH� UHSUHVHQWDWLYH� RI� PDULQH� FRQGLWLRQV
�SDUWLFXODUO\�LQ�WHUPV�RI�QXWULHQW�FRQWHQW�DQG�WHPSHUDWXUH��
:H� VWXGLHG� WKH� HIIHFW� RI� IRXU� GLVSHUVDQWV� WKDW� ZHUH� XVHG
RSHUDWLRQDOO\� GXULQJ� WKH� 6HD� (PSUHVV� LQFLGHQW� �03&8�
������� LQ� RUGHU� WR� FODULI\� WKHLU� HIIHFW� RQ� RLO� GLVSHUVLRQ�
JURZWK� RI� LQGLJHQRXV� K\GURFDUERQ�GHJUDGHUV� DQG� RLO
ELRGHJUDGDWLRQ�� DQG� FRQVLGHUHG� WKH� LPSOLFDWLRQV� RI� WKHVH
ILQGLQJV�IRU�WKH�RSHUDWLRQDO�XVH�RI�GLVSHUVDQWV�DW�VHD�

Materials and methods

Model Design and Construction.  7KH�GHVLJQ�RI�WKH
PDULQH�PLFURFRVPV�ZDV�EDVHG�RQ�WKH�DSSDUDWXV�RI�0DF.D\
DQG�6]HWR���������ZKLFK�ZDV�EXLOW�WR�VLPXODWH�RLO�GLVSHUVDO
DW�VHD��)LJXUH�����7KUHH�PLFURFRVPV�ZHUH�EXLOW�DQG�KHOG
XQGHU�LGHQWLFDO�FRQGLWLRQV��(DFK�PLFURFRVP�ZDV�ILOOHG�ZLWK
���OLWUHV�RI�QDWXUDO�VHD�ZDWHU��REWDLQHG�IURP�QHDU�WKH
(GG\VWRQH�/LJKWKRXVH��8.���7KH�ZDWHU�LQ�WKH�PLFURFRVPV
ZDV�PDLQWDLQHG�DW����&��D�WHPSHUDWXUH�UHSUHVHQWDWLYH�RI
VXPPHU�PDULQH�FRQGLWLRQV�DURXQG�WKH�8.��DQG�NHSW�LQ�WKH
GDUN�WR�SUHYHQW�WKH�JURZWK�RI�SKRWRV\QWKHWLF�PLFUR�
RUJDQLVPV�

Figure 1. Schematic diagram of the completed experimental apparatus.

$Q� RLO� VOLFN� RI� ZHDWKHUHG� )RUWLHV� FUXGH� RLO� ��� PO�� ZDV
FKHPLFDOO\�GLVSHUVHG�ZLWK�&RUH[LW�������(QHUVSHUVH������
)LQDVRO�265����RU�6OLFNJRQH�/76:�������Z�Z�RI�WKH�RLO
ZHLJKW��� 7KH� VLPXODWHG� RLO� ZHDWKHULQJ� ZDV� SHUIRUPHG� E\
GLVWLOODWLRQ�RI�FUXGH�RLO�DW�����&��D�SURFHVV�ZKLFK�UHPRYHG
DSSUR[LPDWHO\� ���� E\� ZHLJKW� �:DONHU� et al��� ������
9RODWLOH� K\GURFDUERQV� � KDYH� EHHQ� VKRZQ� WR� EH� WR[LF� WR
EDFWHULD� DQG� KHQFH� PD\� LQKLELW� RLO� ELRGHJUDGDWLRQ
�)ORRGJDWH�� ������� 8QGHU� QDWXUDO� FRQGLWLRQV�� WKHVH
FRPSRXQGV� WHQG� WR� HYDSRUDWH� � UDSLGO\� RU� GLVVROYH� DQG
GLVSHUVH�DZD\�IURP�WKH�VOLFN��EXW�LQ�WKH�0DF.D\�DSSDUDWXV
WKH� VROXEOH� K\GURFDUERQV� ZLOO� EH� XQDEOH� WR� GLVSHUVH�
SRWHQWLDOO\�DGYHUVHO\�DIIHFWLQJ�WKH�UHVXOWV�
,Q� RUGHU� WR� REWDLQ� DQ� KRPRJHQHRXV� DGGLWLRQ� RI� WKH

GLVSHUVDQW�WR�WKH�RLO�VOLFN��RLO�ZDV�UHWDLQHG�E\�D�37)(�ULQJ
�GLDPHWHU�����PP��RQ�WKH�ZDWHU�VXUIDFH��7KH�GLVSHUVDQW�ZDV
DGGHG�HYHQO\�RYHU�WKH�VXUIDFH�RI� WKH�RLO��7KH�DLU� IORZ�ZDV
VZLWFKHG� RQ�� WKH� ULQJ� ZDV� UHPRYHG� DQG� WKH� GLVSHUVDQW�RLO
PL[WXUH� ZDV� DOORZHG� WR� VSUHDG� RYHU� WKH� VXUIDFH� RI� WKH
VHDZDWHU� LQ� WKH�PLFURFRVP��2LO� GLVSHUVDO� ZDV� HQFRXUDJHG
E\�SXPSLQJ�DLU�WKURXJK�WKH�WDQJHQWLDO� LQOHW��)LJXUH����DW�D

YHORFLW\� RI� ���� �� ���� P�V�� 7KLV� FUHDWHG� D� J\UDWLRQ� RI� WKH
OLTXLG�LQ�WKH�PLFURFRVPV��NHHSLQJ�PRVW�IUHH�RLO�DZD\�IURP
WKH�ZDOOV��DV�ZHOO�DV�VLPXODWLQJ�SK\VLFDO�GLVSHUVLRQ�FDXVHG
E\�ZLQG�DQG�ZDYH�DFWLRQ�
)RU� HDFK� GLVSHUVDQW�� �� PLFURFRVPV� ZHUH� WUHDWHG� � DV

IROORZV�

�� VHDZDWHU� FRQWDLQLQJ� RLO�� GLVSHUVDQW� DQG� ORZ
OHYHOV� RI� QXWULHQWV� ��� PJ� 1�12��OLWUH�
UHSURGXFLEO\� VLPXODWLQJ� HVWXDULQH� DQG� FRDVWDO
ZDWHU� FRQGLWLRQV� LQ� WKH� 8.�� 7KH� OHYHO� RI
QXWULHQWV�LQ�WKH�QDWXUDO�VHDZDWHU�ZDV�LQIOXHQFHG
E\� VHDVRQ� DQG� WKH� FDUULDJH� WLPH� WR� WKH
ODERUDWRU\�� DQG� WKHUHIRUH� DGGLWLRQDO� 1D12�

ZDV� DGGHG� LI� QHFHVVDU\� WR� REWDLQ� D� FRQVWDQW
VWDUWLQJ�FRQFHQWUDWLRQ�

�� VHDZDWHU�DPHQGHG�ZLWK�RLO��GLVSHUVDQW�DQG�KLJK
OHYHOV� RI� QXWULHQWV� FRQWDLQLQJ� VXIILFLHQW
QXWULHQWV� ���� PJ�OLWUH� 1� DV� 1D12�� DQG� �
PJ�OLWUH� 3� DV� .+�32��� WR� HQFRXUDJH� UDSLG

,QVXODWLQJ�WDQN�NHSW�DW����&

���OLWUHV�RI�QDWXUDO�VHDZDWHU

6DPSOLQJ
SRUWV

+DWFK

$LU�LQOHW

$LU�RXWOHW



ELRGHJUDGDWLRQ�RI�DOO�WKH�DGGHG�RLO��%DUWKD�DQG
$WODV�� ������� 7KLV� PLFURFRVPV� ZDV� DV� D
³3RVLWLYH� &RQWURO´�� VWXG\LQJ� WKH� HIIHFW� RI
GLVSHUVDQWV�XQGHU�FRQGLWLRQV�PRUH�FRQGXFLYH�WR
WKH�PLFURELDO� ELRGHJUDGDWLRQ� RI� RLO�� +RZHYHU�
FRQFHQWUDWLRQV� RI� ��� PJ� 1�OLWUH� KDYH� EHHQ
IRXQG�LQ�HVWXDULQH�ZDWHUV�LQ�WKH�8.�

�� D� ³.LOOHG� &RQWURO´� FRQWDLQLQJ� VHDZDWHU
DPHQGHG�ZLWK�RLO��GLVSHUVDQW�DQG�ORZ�OHYHOV�RI
QXWULHQWV� LQ�ZKLFK� WKH�PLFURELRORJLFDO� DFWLYLW\
ZDV� FRPSOHWHO\� LQKLELWHG� E\� WKH� DGGLWLRQ� RI
PHUFXULF� FKORULGH� ����� PJ�O�� 5XVVHO� et al.�
������

,Q� DGGLWLRQ�� DQ� H[SHULPHQW� ZDV� FRQGXFWHG� DV� DERYH
ZLWKRXW� GLVSHUVDQW� DSSOLFDWLRQ�� WR� VWXG\� WKH� UHODWLRQVKLS
EHWZHHQ� SK\VLFDO� GLVSHULRQ�� PLFURELDO� JURZWK�� GURSOHW
FRORQVLDWLRQ� �DQG�RLO�ELRGHJUDGDWLRQ��7KH� FRQFHQWUDWLRQ�RI
QLWUDWH� ZDV� GHWHUPLQHG� XVLQJ� D� 89� VSHFWURSKRWRPHWULF
PHWKRG�GHVFULEHG�E\�*UHHQEHUJ�et al����������7KH�VDPSOHV
����PO��ZHUH�FROOHFWHG�DQG�DQDO\VHG�LPPHGLDWHO\�RU�VWRUHG
DW�����&�SULRU�WR�DQDO\VLV�

Oil droplet analysis

$� QHZ� PHWKRG� �WHUPHG� WKH� ³&KDPEHU� 6OLGH� 0HWKRG´�
ZDV�GHYHORSHG�IURP�WKDW�RI�'HOYLJQH�DQG�6ZHHQH\��������
7HFKQLTXH� PRGLILFDWLRQV� ZHUH� GHVLJQHG� WR� HOLPLQDWH� WKH
HIIHFW�RI�RVPRWLF�SUHVVXUH�DQG�WKH�ORQJ�VHWWOLQJ�WLPHV�RI�WKH
HDUOLHU� WHFKQLTXH�� ZKLFK� FRXOG� LQIOXHQFH� GURSOHW
GLVWULEXWLRQ��6ZDQQHOO�et al.���������&OXVWHUV�ZHUH�FRXQWHG
DQG�PHDVXUHG�XVLQJ�D�FDOLEUDWHG�ELQRFXODU�PLFURVFRSH�

Microbial biomass and activity measurements

7KH� WRWDO� QXPEHU� RI� K\GURFDUERQ�GHJUDGHUV� ZDV
HVWLPDWHG� DW� YDULRXV� WLPHV� LQ� WKH� H[SHULPHQWV� XVLQJ� WKH

0RVW�3UREDEOH�1XPEHU�WHFKQLTXH�GHVFULEHG�E\�&URIW�et al�
��������GHULYHG�IURP�WKH�³6KHHQ�6FUHHQ´�PHWKRG�GHVFULEHG
E\�%URZQ�DQG�%UDGGRFN������� DQG�PRGLILHG�E\�9HQRVD�et
al����������XVLQJ�ZHDWKHUHG�)RUWLHV�FUXGH�RLO�DV�WKH�FDUERQ
VRXUFH�� 6LPXOWDQHRXVO\�� WKH� SRSXODWLRQ� RI� GLVSHUVDQW�
GHJUDGHUV� ZDV� HVWLPDWHG� E\� WKH� VDPH� PHWKRG� XVLQJ� WKH
GLVSHUVDQW�DV� WKH�FDUERQ� VRXUFH�� DW� D� VLPLODU� FRQFHQWUDWLRQ
DV� SURYLGHG� LQ� WKH�PLFURFRVPV�� 7KH� VDPSOHV� ���PO�� ZHUH
UHPRYHG�DVHSWLFDOO\���FP�EHORZ�WKH�VXUIDFH�RI�WKH�RLO�VOLFN
DQG�ZHUH� SURFHVVHG�ZLWKLQ� ��� KRXUV� RI� UHPRYDO� IURP� WKH
PDULQH� PLFURFRVPV�� 7KH� 031� SODWHV� ZHUH� LQFXEDWHG� DW
���&�DQG�JURZWK�ZDV�GHWHUPLQHG�DIWHU����GD\V�
7KH� VXFFHVV� RI� WKH� .LOOHG� &RQWURO� DW� LQKLELWLQJ� WKH

PLFURELDO� JURZWK�ZDV� DVVHVVHG� E\� LQRFXODWLQJ� DJDU� SODWHV
FRQWDLQLQJ� VROLGLILHG� 0DULQH� %URWK� �'LIFR��� DW� WKH� VDPH
WLPH�DV� VDPSOHV�ZHUH� WDNHQ� IRU�031�GHWHUPLQDWLRQV��7KH
SODWHV� ZHUH� LQFXEDWHG� DW� ���&� IRU� ��� GD\V� DQG� WKH
GHYHORSPHQW�RI�DQ\�FRORQLHV�ZDV�UHFRUGHG�

Oil residue analysis

6DPSOHV�RI�VHDZDWHU������PO��DQG�VHGLPHQWHG�³FOXVWHUV´
RI� RLO� DQG� EDFWHULD� ZHUH� WDNHQ� IURP� HDFK� PLFURFRVP�
6HDZDWHU�VDPSOHV�ZHUH�WDNHQ�DW����FP�EHORZ�WKH�ZDWHU
�VXUIDFH��7KH�VDPSOHV�ZHUH�WDNHQ�LQWR�FOHDQ�JODVV�MDUV�DQG

VWRUHG� DW� �� ���&� SULRU� WR� DQDO\VLV� E\� JDV� FKURPDWRJUDSK\
ZLWK�PDVV� VSHFWURPHWU\� GHWHFWLRQ� �*&�06�� LQ� DFFRUGDQFH
ZLWK�D�PHWKRG�GHVFULEHG�E\�6ZDQQHOO�et al.��������

Results And Discussion

7KH�DGGLWLRQ�RI�GLVSHUVDQWV�JUHDWO\�LQFUHDVHG�WKH�OHYHO�RI
RLO� GLVSHUVLRQ� LQ� RXU� H[SHULPHQWDO� DSSDUDWXV�� HQFRXUDJLQJ
WKH� UDSLG� IRUPDWLRQ� RI� D� PXFK� KLJKHU� QXPEHU� RI� VPDOO
GURSOHWV� WKDQ� ZDV� QRWHG� LQ� PLFURFRVPV� VXEMHFWHG� WR
SK\VLFDO�IRUFHV�RQO\

Table 1. Influence of dispersants on the indigenous microbial population and on the number of oil droplets. LN= Low
nutrients, HN= High nutrients, SD= unbaised standard deviation of the mean, CL= Confidence Limits. *maximum

measurable droplet number using the chamber slide technique.

Tre a t m e n t Me a n  Ma x im u m
Gro w t h  R a t e  o f H C-
D e g ra d e rs
(1 0 3 MPN/ m l/ d a y )

On s e t  o f
Ma x im u m  Gro w t h
R a t e  (D a y s )

Me a n  Ma x i m u m   Po p u la t io n
o f H C-d e g ra d e rs  (1 0 3 MPN/ m l
± S D )

Me an  Max im u m  Po p u la t io n
o f  D is p e rs a n t -d e g rad e rs
(1 0 3 MPN/ m l  ± S D)

Ma x im u m  Oi l D ro p le t
Co n c e n t ra t io n
(1 0 3 Dro p le t s / m l
±9 5 %CL)

LN HN LN HN LN HN LN HN LN HN

Ph y s ic a l
D is p e rs io n

3 .4 1 3 7 .0 � � � 3 0 ��
��� � �� �

9 9 3
��� � � �

1� $ 1� $ 8 9 .6
�� �� �� �

3 5 4 .0
���� � �� �

Co re x i t  9 5 0 0 1 0 9 .0 9 7 8 .0 � � 2 3 3 .0
��� � � �

2 3 3 0
��� � � �

5 3 0 .0
��� � � �� �

6 0 0 .0
��� � � �� �

5 0 4 0 * 4 2 6 0
��� � � �� �

En e rs p e rs e
1 5 8 3

2 5 .2 4 8 .2 � � � 8 5 .3
��� � �� �

2 8 7 .0
��� � �� �

6 6 .7
��� � �� �

4 1 3 .0
��� � � �� �

5 0 4 0 * 5 0 4 0 *

F in as o l OS R-
5 1

1 1 2 .0 6 1 4 .0 � � 5 1 3 .0
��� � � �

2 0 2 6
��� � � �

2 0 8 .0
��� � � �� �

1 1 6 0
��� � � �� �

7 3 8 .0
�� �� � �� �

1 7 9 0
��� � � �� �

S li c k go n e
LTS W

9 2 .5 4 4 3 .0 � � � � 6 5 7 .0
��� � � �

4 6 0 0
��� � � �

6 0 3 .0
��� � � � �

4 7 7 0
��� � � � �

2 3 0 0
��� � � �

1 4 0 0
��� � � �� �



'LIIHUHQFHV�LQ�RLO�GLVSHUVLRQ�SDWWHUQV�EHWZHHQ�WKH
GLVSHUVDQWV�ZHUH�QRWHG�XQGHU�WKH�FRQGLWLRQV�RI�WKH
H[SHULPHQW��KRZHYHU�LQ�DOO�FDVHV�WKH�QXPEHU�RI�RLO�GURSOHWV

GHFUHDVHG�GUDPDWLFDOO\�LQ�WKH�ELRORJLFDOO\�DFWLYH

PLFURFRVPV�LQ����GD\V��ZKHUHDV�WKH�QXPEHU�RI�VPDOO
GURSOHWV�UHPDLQHG�DSSUR[LPDWHO\�WKH�VDPH�RU�LQFUHDVHG�LQ
WKH�³.LOOHG�&RQWUROV´��IRU�H[DPSOHV�VHH��)LJXUHV���	����

Figure 2. Oil droplet distribution in the Killed Control (A) and in the seawater amended with low levels of nutrients (B),
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both treated with Corexit 9500.

Figure 3.Oil droplet distribution in the Killed Control (A) and in the seawater amended with low levels of nutrients (B),
both treated with Slickgone LTSW.
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GHJUDGLQJ� EDFWHULD� ZHUH� QRWHG� LQ� DOO� ELRORJLFDOO\�DFWLYH
PLFURFRVPV��7DEOH�����DOWKRXJK�QR�JURZWK�ZDV�VHHQ�LQ�WKH
³.LOOHG�&RQWUROV´��1RW�DOO�WKH�GURSOHWV�ZHUH�FRORQLVHG�ZLWK
EDFWHULD� LQLWLDOO\� DV� LV� DSSDUHQW� IURP� 7DEOH� ��� KRZHYHU
FOXVWHUV� RI� RLO� GURSOHWV�� EDFWHULD�� SURWR]RD� DQG� QHPDWRGHV

ZHUH� QRWHG� EHWZHHQ� �±�� GD\V� DIWHU� GLVSHUVDQW� DGGLWLRQ
�)LJXUH�����DQG�ZHUH�IRXQG�WR�YDU\�LQ�VL]H�IURP�����P�WR��
PP�� 7KH� FRQFHQWUDWLRQ� RI� FOXVWHUV� GHFUHDVHG� WRZDUGV� WKH
HQG� RI� WKH� H[SHULPHQW�� SUHVXPDEO\� DV� D� UHVXOW� RI
ELRGHJUDGDWLRQ� RI� RLO� DQG� VHGLPHQWDWLRQ� �)LJXUH� ���

Figure 4. Concentration of clusters noted in the microcosms treated with Dasic Slickgone LTSW.

7KH� FOXVWHUV� FRQVLVWHG� RI�PLFUR�RUJDQLVPV�� RLO� GURSOHWV�
SURWR]RD� DQG� RFFDVLRQDOO\� QHPDWRGHV��1R� UHGXFWLRQ� LQ�RLO
GURSOHW�FRQFHQWUDWLRQ�ZDV�QRWHG�LQ�WKH�.LOOHG�&RQWUROV��DQG
QR� FOXVWHUV�ZHUH� IRUPHG�� FRQILUPLQJ� WKDW� WKH� UHGXFWLRQ� LQ
GURSOHW�FRQFHQWUDWLRQ�ZDV�PLFURELRORJLFDOO\��PHGLDWHG�
7KH�GLVSHUVDQWV�GUDPDWLFDOO\�VWLPXODWHG�WKH�JURZWK�RI�WKH

LQGLJHQRXV� K\GURFDUERQ�GHJUDGLQJ� SRSXODWLRQV� LQ
FRPSDULVRQ� WR� WKDW� REVHUYHG� ZKHQ� RLO� ZDV� GLVSHUVHG� E\
SK\VLFDO� SURFHVVHV�� 7KH� PD[LPXP� JURZWK� UDWH� REVHUYHG
ZLWK� GLVSHUVDQWV� ZDV� DW� OHDVW� �� WLPHV� DQG� XS� WR� ��� WLPHV
KLJKHU� LQ� WKH� PLFURFRVPV� DPHQGHG� ZLWK� ORZ� OHYHOV� RI
QXWULHQWV�� WKDQ� ZDV� QRWHG� LQ� WKH� DEVHQFH� RI� GLVSHUVDQW
�7DEOH� ���� 'LVSHUVDQWV� HQFRXUDJLQJ� WKH� IRUPDWLRQ� RI� WKH
ODUJHVW�QXPEHUV�RI�VPDOO�GURSOHWV�LQ�WKH�PLFURFRVPV�GLG�QRW
QHFHVVDULO\�SURPRWH�WKH�PRVW�UDSLG�JURZWK�RI�K\GURFDUERQ�
GHJUDGHUV��)RU� H[DPSOH�� LQ� WKH� SUHVHQFH� RI� D� ORZ� OHYHO� RI
QXWULHQWV��)LQDVRO�265�����HQFRXUDJHG�D�KLJKHU�PD[LPXP
JURZWK�UDWH�WKDQ�(QHUVSHUVH�������HYHQ�WKRXJK�(QHUVSHUVH
SURGXFHG� KLJKHU� PD[LPXP� RLO� GURSOHW� FRQFHQWUDWLRQ� WKDQ
)LQDVRO� 265���� �7DEOH� ���� 7KH� DGGLWLRQ� RI� GLVSHUVDQWV
WKHUHIRUH� VWLPXODWHG� WKH� JURZWK� RI� K\GURFDUERQ�GHJUDGHUV
E\� VXSSO\LQJ� H[WUD� QXWULHQWV�� DV�ZHOO� DV� E\� LQFUHDVLQJ� WKH
VXUIDFH� DUHD� DYDLODEOH� IRU� PLFURELDO� DWWDFN�� )XUWKHUPRUH�
WKH� WHVWHG� GLVSHUVDQWV� DOO� VXSSRUWHG� WKH� JURZWK� RI
LQGLJHQRXV� VHDZDWHU� EDFWHULD�� FRQILUPLQJ� WKDW� EDFWHULD
FRXOG� XWLOLVH� WKH� QXWULHQWV� DYDLODEOH�ZLWKLQ� WKH� GLVSHUVDQWV
HYHQ�DW� WKH� ORZ� FRQFHQWUDWLRQV�XVHG� LQ� WKHVH� H[SHULPHQWV�
7KXV��DW�WKH�ORZ�QXWULHQW�FRQFHQWUDWLRQV�IRXQG�LQ�PDQ\�8.
HVWXDULQH� DQG� FRDVWDO� ZDWHUV�� GLVSHUVDQWV� VWLPXODWHG� WKH
JURZWK� RI� LQGLJHQRXV� K\GURFDUERQ�GHJUDGLQJ� EDFWHULD� DQG

PDLQWDLQHG� D� KLJKHU� PD[LPXP� K\GURFDUERQ�GHJUDGLQJ
SRSXODWLRQ� WKDQ�ZDV� QRWHG� LQ� WKH� DEVHQFH� RI� � GLVSHUVDQWV
�7DEOH����
7KH�HIIHFW�RI�KLJKHU� OHYHOV�RI� LQRUJDQLF�QXWULHQWV� �LQ� WKH

³3RVLWLYH�&RQWUROV´��RQ�WKH�K\GURFDUERQ�GHJUDGLQJ�EDFWHULD
ZDV� WR� SURPRWH� D� KLJKHU� UDWH� RI� JURZWK� DQG� WR� PDLQWDLQ
KLJKHU� PLFURELDO� SRSXODWLRQV�� DV� H[SHFWHG� �7DEOH� ���
+RZHYHU�� WKH� HIIHFW� RI� QXWULHQWV�RQ� WKH� VWLPXODWLRQ� RI� WKH
JURZWK�RI��WKH�PLFURELDO�SRSXODWLRQ�ZDV�OHVV�SURIRXQG�LQ
WKH� SUHVHQFH� RI� GLVSHUVDQWV� WKDQ� LQ� WKHLU� DEVHQFH�� 7KLV

REVHUYDWLRQ� VXJJHVWV� WKDW� WKH� K\GURFDUERQ�GHJUDGLQJ
PLFUR�RUJDQLVPV� ZHUH� REWDLQLQJ� VRPH� RI� WKHLU� QXWULWLRQDO
UHTXLUHPHQWV�IURP�WKH�DGGHG�GLVSHUVDQWV�
7KH� SDWWHUQ� RI� WKH� JURZWK� RI� EDFWHULD� ZDV� VOLJKWO\

GLIIHUHQW�GHSHQGLQJ�RQ� WKH�GLVSHUVDQW��&RUH[LW�DQG�)LQDVRO
HQFRXUDJHG�D�QRUPDO�VLJPRLGDO�JURZWK�FXUYH��DV� LQGLFDWHG
E\�WKH�PD[LPDO�JURZWK�UDWH�RFFXUULQJ�VKRUWO\�DIWHU�WKH�VWDUW
RI�WKH�H[SHULPHQW��7DEOH�����,Q�FRQWUDVW��IRU�(QHUVSHUVH�DQG
6OLFNJRQH� D� GLDX[LF� �ELSKDVLF�� JURZWK� SDWWHUQ� ZDV� VHHQ�
ZLWK� DQ� LQLWLDO� SKDVH� RI� JURZWK� IROORZHG� E\� D� WHPSRUDU\
VORZ�GRZQ�DQG�WKHQ�D�VHFRQG�SKDVH�RI�PRUH�UDSLG�JURZWK�
$V�VXFK�WKH�PD[LPXP�JURZWK�UDWH�ZDV�UHFRUGHG�ODWHU�LQ�WKH
H[SHULPHQW� �7DEOH� ���� 'LDX[LF� JURZWK� RIWHQ� UHIOHFWV� WKH
ELRGHJUDGDWLRQ� RI� GLIIHUHQW� VXEVUDWHV� E\� EDFWHULD�� DQG� LQ
WKLV�FRQWH[W��PD\�UHIOHFW�WKH�GHFRPSRVLWLRQ�RI�D�FRPSRQHQW
RU� FRPSRQHQWV� RI� WKH� GLVSHUVDQW�� ZKLFK� WKHQ� IDFLOLWDWHV
DGGLWLRQDO�JURZWK�
7KH� RLO� GURSOHWV� LQ� WKH� ZDWHU� SKDVH� RI� WKH� ELRORJLFDOO\�

DFWLYH�PLFURFRVPV�WUHDWHG�ZLWK�GLVSHUVDQW�VKRZHG�HYLGHQFH
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RI� ELRGHJUDGDWLRQ� LQ� FRPSDULVRQ� WR� WKH� ³.LOOHG� &RQWURO´ DIWHU����GD\V��)LJXUH����

Figure 5. Degradation of  n-alkanes in the biologically-active microcosms treated with dispersants after 28 days. NM=
not measured as ample was contaminated.
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Figure 6.n-Alkanes distribution in the water phase (A) and in the sedimented material (B) of the microcosms treated
with Corexit 9500.
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Figure 7.Selected distribution of aromatics in the water phase (A) and in the sedimented material (B) of the
microcosms treated with Corexit 9500.
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7KH� RLO� UHVLGXH� DQDO\VLV� GDWD� VXJJHVWHG� WKDW� LQFUHDVHG
OHYHOV� RI� LQRUJDQLF� QXWULHQWV� LQGXFHG� D� PRUH� H[WHQVLYH
ELRGHJUDGDWLRQ�RI�WKH�RLO��)LJXUH����SUHVHQW�LQ�FOXVWHUV�RU�DV
VLQJOH�GURSOHWV� LQ� WKH�ZDWHU�SKDVH� �DV�H[SHFWHG�� VHH�/HDK\
DQG�&ROZHOO��������3ULQFH��������6ZDQQHOO�et al.���������,Q
SUHYLRXV�ZRUN�ZH� KDYH� DOVR� VKRZQ� WKDW�QRQ�GLVSHUVHG� RLO
ZDV� EDUHO\� GHJUDGHG� HPSKDVLVLQJ� WKH� LPSRUWDQFH� RI
GLVSHUVLRQ�LQ�K\GURFDUERQ�ELRGHJUDGDWLRQ�DW�VHD��6ZDQQHOO
et al.��������

Conclusions

7KH� DSSOLFDWLRQ� RI� WKH� IRXU� WHVWHG� GLVSHUVDQWV� WR� DQ� RLO
VOLFN� LQ� PHVRFRVPV� VWLPXODWHG� RLO� GLVSHUVLRQ� DQG� RLO
ELRGHJUDGDWLRQ� HYHQ� DW� WKH� ORZ� QXWULHQW� FRQFHQWUDWLRQV
FKDUDFWHULVWLF�RI�8.�HVWXDULQH�DQG�FRDVWDO�ZDWHUV��+RZHYHU�
WKHUH�ZHUH�VRPH�GLIIHUHQFHV�LQ�WKH�VXFFHVV�RI�WKH�GLVSHUVDQW
LQ� WHUPV�RI�� IRU�H[DPSOH�� LWV�DELOLW\� WR�SURPRWH�WKH�JURZWK
RI� LQGLJHQRXV� K\GURFDUERQ�GHJUDGLQJ� PLFUR�RUJDQLVPV�
2WKHU� ZRUNHUV� ZKR� KDYH� IRXQG� WKDW� GLVSHUVDQWV� VXSSRUW
PLFURELDO� JURZWK� �/HH� et al.�� ������0XONLQV�3KLOOLSV� DQG
6WHZDUW�� ������� 0RUHRYHU�� 9DUDGDUDM� et al.� ������� QRWHG
WKDW� RLO� ELRGHJUDGDWLRQ� ZDV� VWLPXODWHG� E\� VRUELWDQ
VXUIDFWDQWV� ZKLFK� VXSSOLHG� QXWULHQWV� WR� WKH� PLFUR�
RUJDQLVPV�� 7KHUHIRUH�� DV� VXJJHVWHG� E\� 9DUDGDUDM� et al.
�������� GLVSHUVDQW� DSSOLFDWLRQ� PD\� KDYH� WKH� GXDO
HQYLURQPHQWDO� EHQHILW� RI� SURPRWLQJ� RLO� GLVSHUVLRQ� DQG� RLO
ELRGHJUDGDWLRQ� ZLWKLQ� WKH� � PDULQH� ZDWHU� FROXPQ� HYHQ� DW
ORZ� QXWULHQW� FRQFHQWUDWLRQV�� 7KLV� ODWWHU� EHQHILW� LV� RI
SDUWLFXODU� LPSRUWDQFH� DV� PRVW� VHDV� DQG� RFHDQV� QRUPDOO\
KDYH� D� ORZ� QXWULHQW� FRQWHQW�� 7KH� SRVLWLYH� HIIHFW� RI� WKH
WHVWHG�GLVSHUVDQWV�RQ�RLO�ELRGHJUDGDWLRQ�VHHPV�WR�EH�UHODWHG
WR� WKHLU� DELOLW\� WR� SURPRWH� WKH� JURZWK� RI� LQGLJHQRXV
K\GURFDUERQ�GHJUDGLQJ�EDFWHULD�� DV�ZHOO� DV� WKHLU� DELOLW\� WR
SURPRWH� WKH� IRUPDWLRQ� RI� VPDOO� GURSOHWV�� 7KH� QDWXUDOO\�
RFFXUULQJ�PLFUR�RUJDQLVPV�FRORQLVHG�WKH�GLVSHUVHG�GURSOHWV
DQG� FDXVHG� PDQ\� WR� DJJORPHUDWH� LQWR� QHXWUDOO\�EXR\DQW
FOXVWHUV��ZKLFK�EHFDPH�VPDOO�PLFUR�KDELWDWV�ZKHUH�EDFWHULD
ZHUH�ELRGHJUDGLQJ�RLO�DQG�ZKHUH�WKH\�ZHUH�GHFRPSRVHG�E\
SURWR]RDO� DQG� QHPDWRGH� SUHGDWRUV�� 7KHVH� FOXVWHUV
DSSDUHQWO\�UHPDLQHG�VXVSHQGHG�LQ�WKH�ZDWHU�FROXPQ�RI�WKH
PLFURFRVPV�XQWLO�PXFK�RI�WKH�ELRGHJUDGDEOH�UHVLGXHV�RI�RLO
KDG� EHHQ� GHFRPSRVHG� �DQG� WKHUHIRUH� WKH� EXR\DQF\
UHGXFHG���EHIRUH�VLQNLQJ�WR� WKH�ERWWRP�RI� WKH�PLFURFRVPV�
6XFK� ILQGLQJV� KDYH� LPSRUWDQW� LPSOLFDWLRQV� IRU� WKH
XQGHUVWDQGLQJ�RI�WKH�IDWH�RI�RLO�LQ�WKH�PDULQH�HQYLURQPHQW�
DQG�WR�GHYLVLQJ�UHVSRQVHV�WR�RLO�VSLOO�LQFLGHQWV�ZKLFK�UHVXOW
LQ� D� QHW� HQYLURQPHQWDO� EHQHILW�� 6KRXOG� WKHVH� ILQGLQJV� EH
YHULILHG�LQ�WKH�ILHOG��LW�VHHPV�WKDW�WKH�DSSOLFDWLRQ�RI�FHUWDLQ
GLVSHUVDQWV� PD\� HQFRXUDJH� WKH� GLVSHUVLRQ� DQG� WKH
ELRGHJUDGDWLRQ� RI� RLO� DW� VHD�� 0LFURELDO� FRORQLVDWLRQ� RI
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