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1. Introduction

On April 20, 2010 the Deepwater Horizon semi-submersible offshore drilling
platform exploded in the Gulf of Mexico killing eleven crewmembers and resulting in
the largest marine oil spill in history.! An estimated 4.9 million barrels of crude oil were
released into the Gulf before the well was capped after 87 days.!> A critical part of the
emergency response was the application of approximately 2.1 million gallons of Corexit®
series chemical dispersants. Corexit was sprayed at the sea surface (1.4 million gallons)
and injected into the subsurface near the wellhead (0.77 million gallons) between May 15
and July 19, 20103 to facilitate the dispersion of crude oil in the water column and
mitigate damage to sensitive coastal areas.!

Although use of Corexit as part of an oil spill remediation strategy began in the
1980s?, questions regarding the overall efficacy of the dispersant use still remain.> In
addition, the composition, fate, and transformation kinetics and products of Corexit in
the open ocean and at depth remain relatively unknown.®® In order to assess the fate and
persistence of Corexit during an oil spill emergency response, this research focused on
four specific aims: (1) develop an analytical method for comprehensive characterization
of Corexit 9500 in seawater using high resolution mass spectrometry; (2) examine the
degradation rates and transformation products of Corexit under environmentally

relevant conditions; (3) determine the influence that dispersed oil has on Corexit
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1.2 Dispersant use in oil spill emergency response
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HSYO& (Y0)*+1,+$-$+.1/).10"HH & *H*+11#1+ &'11211$-31H$%& (%) *+1+111$-1()+$11456 783!
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%,(2)9+)*+1/1-'9,-'%l/$<()+'1+1I+AT1$- 2)+(1$+'(2)9'=ICA"I(#,9'+A1$*+(2)9%)-!
5010, 11(SH+S*<IHATA H(1&ALOSOIH+)S-I*#1+1:) (HI+AT1S-)*#I+ATA #(1&AS-$9IA')#!
FL)FEHAT) (14 D$<,(IESICA' 1%, (2)9+)*+1/$9'--'%1"+0) &%, -)+'IA #(1&A10$9!/1-',-'%!
)*#1%+)0$-$F I+A IS I+AL)+ (191 /=1 |
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&'+(1- /1$*#,%+(. 3 H+A' ) (1%+191&$-#!  )9(1%%!&1(+IbIBII*$+#IB+)+0%1%11+A" 19)*]
0'1)99'%%'#1K, $9I-.1 $*19)%'1 12¥1)99$# *+- 11$-1(-)%'= G L(HS+%'($'%HS% (%! ('
#-1&#ISHI+ATELMN %1)5#1A);'10"41 %'#1* /'(1,%!+$/'%!$*9- #$*<1$*+A'TELMLI@HH1*!
O)-#FI%&$-EFEN*#1$*! +ATELLNY!)*# PNIIS*1+A'IQ,-2!12IRH$9I13IAL:;(315ST1:) %!
+A12$(%+1-) (@69)-1)&&-$9)+STHSHH &L )+ (=>1@; 1) 2+ (IPNL') (%112!,%6)<'31+A('
(NS %)) FAIL2IT/&(A"  *%$;'1)*)- +$9)-1/+A1#%I21 (1+()9'I-'} - 1#'+'9+$1*1 12!
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H$%&' (J*$+), (+ -1./0) (10&!-/%2,*),+)!. $0&*/0&-13()4!5(68%6-&!1%$1 &%) (&-!, +5!
-$0/7(0()(&H$!,**$..$5,)81)4&148) &% $BE+E()9!$21*%6/5&IS(BI=4&I& *)1*$. 18- () ($+!
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-1%2,%),+)-@!=3&&H I IHKLI+$:1<?225V> MN @ =388+ II#KL!+$:1<? 2 \EMDN@!, +51L 142!
JHKLI+$::00NPOIN@!)48.!,+($+(*1-/%2,%),+) @'5($*)901-$5(/.1-/02$-/**(+,) & JIQRLLNIJHKL!
+$:1>GE MEN@!,+5!-$06&+)-@!5(1%$1908-60IF/)90!&)4&%! J#KLI+$:IDNDINDNI!, +5!
+$%1,%; DIJ#KLI+$:!"PGIBIIN OH$%& () <>DG!,0-$1*$+), (+ &5MD)$'908) 4, +$01IHK LI+ $:!
. NE'NDN@!7/)ID)$'908)4,+$0! -4$3&5!, |.$58%,)&1%(-S!)$14/.,+14&,0)4 1, +5/-&1$2!
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#$9%8&()1<>?2?14,-10$31)$1.$5&%,)&!, */)&NS$'(*()91)$1.$-)!, T/,) (- 1&*(&-1(+!
0,7$%,)$%9!)&-)(+82009Q(-1&%-, +)-188+8%,009!1&'&%)!)$'(*()9!) 4%4$#8+-1&*(2(*!
&.7%,+818&228%)-WI$3&68%@!Q,-8/1),18)!,072$/+51)4)! ,)I6896910$31*$+*&+)%,)($+-@!
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0(8,+5@!,+5!QRLI3,- 1,11%$7,70&!$7&-$8&+79IVVKWX1)%,+-,%)(6,)($+!,--, 951
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1.3 Fate and persistence of dispersed oil

L 1)%)! &10/,1196&'-2%))0) #1&. L) 1+ &H)*-H/*)1%) 2-*06 & 2 1#1) | #&+&HAI 61964~ #'
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#e- ' (BHHH-.%! 5&SY)2*-%6-#&S.1$61,%/%6)1$&+81;1)41%)+41$.10)#1$%'16$*1%)#) #&$.1$61,*/%)!
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1.4 Polysorbate formulation and stability

67(1$*SH*SH#BIB* U A*$($+, 1¥119% (:#+1#$8/.3(14%/0, %", &+(,1<=>21%#:+.'(,1¥1!
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1.5 Prospectus

E&,:,1:1%'21=$/-1.2$4)1201%8&/)!9/)),:%$%/2-7E&,10/)%!. 2$41'$) 196219 + 4241$-]
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3.2:2+;4 10(;,1/,0;:1  1"#$19%1&#2:7+;4240(;14((1,DIE;12**040(;FIE!/, +*121->2 :+*12+ ( (1!
*+4+-4(I$5MN&!4(1B+.3(.?12!@/10!->2.2-4+.04D(;!(3!4>+12064/.+,12;*1*+4+,20;+!
B+.-+;41-(?B(,040(;!(3!4>+122P(.I-(?B(;+;4,!(3!5(.+604D!Q>0,!)2,14>+130.,4!, A, 4+?240-!
->2.2-4+.01240(;!(3!5(.+604DIR;*+.,42;*0;:14>+10;04021!-(?B(,040(;!(3!5(.+60410,!+, +;4021!
A%+, 42;¥14>+1324+12;%14.2; B(.410;14>+] +;HO.(;?7+;41234+.12BB10-240(;!0;!2;!(01!,B011!
+?+.:+;-Al+,B(;,+D! !
5>2B4+.1%I10;H+,40:24)15(.+604!*+: 2%+ I/:*+ 1@0(40-12;*12@0(40-!-(;*040(;,D!
El2:20;!/,+*I'SJK!4(!  0*+;403A!@(4>14>+14>+10;04021!-(?B(,040(;!2;*14.2;,3(.2240(;!

B.(*-/4,!10;!5(.+604!2;*I*+  4+.?20;+*14>+00;+40-1*+:.2*240(;!.24+,13(.!0;*0HO0*/21!
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$%6&'()*(+*$,1-YO+*.".0/1/."0&0+)0S1.+! [01&(/(*.2+1&(*01)2+$*(+*$I'2&132804 *1) 256 2+0+*$!
7($0/12+1)28011&2%68! (**91()./1):(.+1;0+1*: 81$(*%&(*.2+8!(+/1+%570&!12'1 (**91 (). /!
52.0%.0$,1-1)256(&0 / 1*:0$0!@%$%;*$1*21*:01/01&(/(*.2+1<.+0%.)$12'1=>17@8!=>1?A8! (+/!
$28&7.%(+152+22;0(*081B:.):|(&0!)2+$* *%0+*$!. +132&04.*,1C.+(;;98!- | ($$UB$-:01.56 ) *12'!
*0560&(*%6&012+!/01&(/(*.2+1&(*0$!2'132&04.* 1D:01(.5!2'1*:. $1&0$0(&):1B($1*210;%)./(*O!
+2E0;*&(+$'2&5(*.2+16&/%)*$110+0&(*0/'&25!/01&(/(*.2+!(+/1/0*0&5 . +01*:01'(*0! (+/!
60&$.$*0+)012'132804 *1%+/0&!0+E . &2+50+*(;1) 2+/ .* 2+

3:(6*0&IFI2'1%: $I/. $S0&*(*. 2+1046(+/$1%662+1%:01' + [ +1$!.+13:(6*0&I#!(+/!
04(5.40/! /01&(/(*.2+12'132&04.*1 +1G&)*.))2+/.*.2+$|. +1*:016&0$0+) 0! (+/1(7$0+)0$!2'!
)&%/012.;,H):(&()*0&. HO/M*:01.+:%0+)01)&%/012.;12+1%:01+.*.(;16(&*.*.2+.+112'132804.*1 +1
*01B(*0 &1)2;%5+!(+/1-104(5.+0/1%:010  "0)*12+1%:01 7.2%)I(+/1(7.2*.)1:9/&2;9%.$!
J01&(/(*.2+1&(*0$! .+1*:016&0$0+)0!(+/1(7$0+)0!2') &%/012..;, I

D: Ol +(;1):(6*0 &12'*:.$1/.$$0&*(*.2+104(5.+0/! *:015.)&27.(;1)255%+.*9!
$*89%)*%&01&0$62+$.7;01'2&!1*:01/01&(/(*.2+12'1328&04.* 1-104(5.+0/1*:01/01&(/(*.2+12'!
32804 %1 +1%:016&0$0+)0!(+/1(7$0+)0$12')&%/012.;|(+/1*:01) 2&&0$62+/ .+ 11): (+10$!.+!
5.)8&27.(;1)255%+.*9  1$*8%)*%6&0!%%.+1!"I$!&IKG+O!$0LY%0+).+IM(): *&O0(*50+*1B($!
04(5.+0/I'2&!5(N2&1): (+10$!.+1626%:; (*.2+ $2E0&!*:01)2%&$0!12'1*:01.+)%7 (*.2+,1D:.$!
&0$0(&):!B.;;|. +E0$*. 1(*01*:01)(%S$0! (+/1.+';960+)012'132804 #12+1+(*.E0!5.)&27.(;!

626%;(*.2+$,!

"#1



$Y6&L'()*+!,%*-.&N01%*-.&/1234').%(516(55&/.*.(4)!5788*/(9&6 .%&):&;!'()6()<5!4'!
96(51/&58*/,%!%)618&=*8()&5!.%&!'7.7/&114/8&=(.!>?@ @!75&!67/()<!4(+!5-(++1&8&/<&),;!
/&5-4)58AIB++1.4<&.%&IC!.%(5!D4/:1-/&5&) 511, 48-18%&)5(E&!*)*+;5(514'. %&!™.&!%)6!

-&/5(5.8),814114/&=(.17) 6&/1&)E(/4)8&).*+1,4)6(.(4)5A! !
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© o o ©° -— dispersant application

o o © o o
ooooo

droplet formation and
o entrainment

o
0°,% o ©
°0°°

o]
oil droplets o o
dispersed in ~ o ° o/€:}

water column ° \
° o

blow up of
surfactant-coated
oil droplet

surfactant o ?k hydrophilic group
molecule A lipophilic group |
"#$%&()"*&+,-."/0'12'+,&0"+-3'4"/5&%/"1.6'  7$%2-+8-.8'0"#%-8&/'81'8,&'193
-8&%'"'.88&%2-+&"-.4'/8"0$3-8&/'8,&'21%0-8"1.'12'1"3'4%153&8/'8,-8";&+10&'&.8%-".&4™.'
8,&":-8&%'+13%$0.6'7$%2-+8-.8/'-%&%"&.8&4""8,",<4%15,"3"+'#%1$5'51".8&4".81'8,&'
:-8&%'5,-/1&'-.4'8,&<',<4%15,1;"+'8-"3".'8,&'1"3'5,-/&6'=4-58&4'2%10">-8"1.-3'
?8&/&-%+,'@1%$.+"36A'B"3'75"33'C"/5&%/-.8/)'D22"+-+<'-.4'D22&+8/6'E,&'>-8"1.-3'
=+-4&0"&/'F%&//)'G-/," #81.A'C@A'HIIIK'5'JL6"
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OH OH OH OH
dehydration 0.
Ho\/‘\(K(\OH - o OH +
OH OH o
HO
sorbitol sorbitan M l isosorbide
/(,CHZCHIO-)-H ethoxylation
o a
o{-CH,cnzo-);H /l\
HO{CH,CH,0+H O-{CH,CH,0}H
o4-CH,CH,0-H n o y
] ¢ PEO
°‘(‘°"2CH2°');” H{OCHCH,}-0 °
x
PEO-sorbitan PEO-isosorbide
+ oleic acid
o /(,CHZCHZO-);R
. o{-cnzcnzo-);R Ro{cnzcnzotR 0'('CH2CH2°‘);R
CigHss0 or H PEO oleate(s o
o o{-cu,cn;o-);n (s)
o
o-(-cnzcnzo-);R R(‘°CHzCHz-);0
PEO-sorbitan oleate(s) PEO-isosorbide oleate(s) 1

"H#PYR()*+,-.&/"'01"  2* '3455789-&7'1%0:";%7&:<'=5"*5>'6?8@8,"<'=5>'
A&/7&:"0-"/<'B5<'B.8%8C-&%"D8-"0,'01'90?+/0%E8-&'3F<'8',0,"0,"C'/$%18C-8,-<'E+"?"G$"7"
C.%0:8-0#%89.+'H/5™0,":0E"?"-+'/&98%8-"0,'C0$9?&7'@"-."-8,7&:":8//'/9&C-%0:&-%+ 5'

6,87+-"C8'B.":"C8'6C-8'(41J<'343<'98#&'3J5
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2. Characterization of nonionic components in
Corexit 9500 in seawater by liquid chromatography
high -resolution mass spectrometry

2.1 Introduction

$%&I()*+1*,,-./*0.)11)213)(&4.0  567881+9(.1:10%8&!);&&,<*0&(1=)( .>)112.-1@,.--!
<*AN)1&1)210%&128<I*B* -*-&I&C&(:&1/D!(&A,)1A&!),0.)1AI0)!12*/.- 0*0&10%&!+.A,&(A.) 11)2!
).-1.10)10%&!<*0&(!/)-9C11*1+1C.0.:*0&10%&!.C,*/0!)21).-)) 1IA&1A.0.B&!/)*A0*-1*1+1A9(2*/&!
<*0&(1&/)ADAO&CAE!?B&(10%&!/)9(A&!)210%&!A, .--FIGE6!IC (&IANT!/(9+&!).-1<&(&!
(&-&*A&+12()CI0%E&IH*/)1+)1<&--%&*+1*1+H#1C. - ) 11-. 0&(Al)2!3) (&£ B 7881+ 1 +16 71#1<&(&!
% -.&+1Y0%!) 110%&IAY(2*/&IA- JJAIKGE"IC.--.) LILMI*1+1*010%& 1< &--%6&*+KIE6!C.-1$LUBME
/)C,)A.0.)11)213)(&4.0 56788!K%&(&.1*20&(13)(&4.0M!.1/-9+&AI2)9(!A9(2*/0*10AN!0%&!*1.)1./!
A9(2*/0*10F1}/0D-1A)+.9CIA9-2)A9//.1*0&!K;?@ @MF!*1+10%&!1)1.)1./1,)-DA) (*0& KO @M!
A9(2*/0*10A!,)-D)4D&0%D-&1&!IKOP?MIKISM!A)(.0*1!C)1))-&*0&!IKO@!Q8MFIOP?!KISM!A)('.0*1!
0(.)-&*0&!IKO@!Q7MF!*1+IA)(.0*11C)1))-&*0&!K@,*1!Q8ME! @)-B&10A!2)91+!.113)(&4.0!.1/-9+&!
+.,(),D-&1& !:-D/)-'90D-1&0%&(IK;RSPMI*1+11)(,*(*|ES0(.)(10)!0%8&!; &&, <*0&(1=)(.>) 1!
A,.--10%8&(&!<&(&!-.C.0&+!*1*-D0./*-1C&0%)+Al0) 1 +&0&/010%&A&!/)C,) 1&10AEIT+&10.2./*0.)1!
*1+14&08&/0.)11)21A,&/.2.NA9(2*/0*10A!L Al/(.0./*-10) *AA&AA . 1:10%&!)//9((&1/&F I 2*0&F1* 1 +!
, &(A.A0&1/&1)213)(&4.01*20&(!*,,-./*0.) 1E

U-0%)9:9%!3)(&4.01.Al/)C,(.A&+1)212)9(!A9(2*/0*10AF!*1*-D0./*-IC&0%) +Al%*B&!

+(:&-DI12)/9A&+!)119A.1:1:2@ @ *AI*11.1+./40)(12)(10%&!, (&A&1/&!)2!3)(&4.01. 1IA&*<* OB
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$&'1()*I +(,-(../0 123455!6/!(178)879,6:!:87;8<)*!19(/6.=!6*9)+6>69*!</6)?!7<.+6;.9!
,9(:+68)!78)6+8,6)?! @ABACT (//!/;9:+,879+,=!@A5CO0!D.(:9!9+!(.6**9E9.8;9*!
F<()+6+(+6E9!()(.=+6:(.!P+G8*/!1</6)?!.(,79 %=8.<79!6)H9:+68)!.6F<6*!.G,8+8?,(;G=!
7(IN;9:+,879+,=  1+8IF<()+6>=118,9J6+!:87;8)9)+/0!3455!()*!/8,-6+()!78)88.9(+9!
K9,91F<()+6>69*1</6)?IABAIKG6.9!D5!#21()*ID5!#&!K9,916*9)+6>69*-=!; 9:< /8,168)!
1:)6)?!>8,1:87;8<)*/1+G(+1>,(?79)+9*  16)+8!I"# 112L0IMBK9IE9,N!;,9E68</.=!;<-.6/GO*!
[+<*69/18)1+G9!:87;8/6+68)!8>ID5!/G8K9*!(1G67G!*97,99!8>1G9+9,8?9)96+=16)!D5!76J+<,9/0!
0.+G8<?G!D5#2!()*|D5#&!(,9!:8778).=16%9)+6>69*1-=1(1/8,-6+()/+,<:+<,91K6+G!'21P4!
<)6+/1()*1(178)88.9(+9!>8,ID5#2N!()*!(! +,68.9(+9!>8,!D5!#&N!+G6/!6/!()!18E9,/67;.6>6:(+68)!
()*1*89/1)8+!1(::8<)+!>8,1+G9!7(?)6+<*9!()*IE(,69+=18>!-=;,8*<:+/179)9,(+9*I*<,6) ?1+ G9!
1=)+G9/6/0!18,936+!6/!(1:87;.9J!()*!;,8;,69+(,=176J+<,9!8>!/<,>(:+()+/0!18):9,)/!(-8<+!
+G9!19J(:+!:87;8/6+68)!8>118,936%,8/9!*<91+8!+G9!<);,9:9*9)+9*IF<()+6+=!(;;.69*N!()*!
<)Q)8K)!;9,/6/+9):9!()*!+,()/>8,7(+68)0 !
D5/!G(E9!-99)!K6*9.=!/+<*69*16)!;G(,7(:9<+6:(.!()*16)*</+,6(.!  7()<>(:+<,6)? !
*<91+81+G96,!.8K!+8J6:6+=!()88:87;(+6-6.6+=BN4RGI=!(,9},8(*.= 1</9*1(/197<./6>69,/N!
*6/;9,/()+/N!()*!/+(-6.6S9,!(?9)+/'6)1:8779,:6(.N!;G(,7(:9<+6:(.N!()*!6)*</+,6(.!?88*/0 1&N!
&D5/1(,91:87;.93!176)  +<,9/18>IDP4!/8,-6+()!>(++=!(:6*19/+9,/!()*!G(E9!(!G6?7G!*9?,99!8>!
G9+9,879)96+=!*9,6E9*!> 87!+G9!>8,7<.(+68)!;,8:9//0!D5/!:8)+(6)!+G,99!*6/+6):+!7869+69/N!

+G9!:8,912,8<;NI+G9!9+G8J=.(+9*:G(OIMEGOI> (++=1(:6*19/+9, 1: G (B)D5/!(,9!/) =+G/6S9*!
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$%1&'(%8&)*+-.1/0)$,+*11+0120)31/0)$, +*-1*-&I+('1&' (%&)*+ &!$%4)08&56+71,/0/0)$,&'8! 9(' !
60)'1.)0541 /I'+(0:%1%+'&!;,+(1*44)0:,3*+'1%!<=1301102!'+(%1'-'10;,&'I>? @AI20)!'B") %!
301'1021/0)$,+017!5-+,112,-*11%7!+('1603405-&/1*)'1'/+"),2,'&8AD*),*$, 1, + %1021 EF/! /!
&'),B'&12)031+('1&,22')-6'1,-1+('(%8&)04  (,1,6!60)'1.)0541>/0)$,+*-71,/0/0)$,&'710)12%++%!
*6,&AI*-&1401%&,/4"),+%1021+(12@!6(*,-1>-G=TH=AT1*-&! -1+ ('|(%&)04(0$,6!30, +%!
-615&,-.71-53$)10212%++061%6, &1'/+)/1-G= [HATI6(*,-11'-.+(1>IKI J<HAI*-&I/*+5)*+,0-1
>[*+5)*+'&10)1401%65-/*+5)*+ & ABHTUMNS) +(')30)'71&".)"102!'/+'),2,6%+,0-141*%%/1*-!
,340)+*-+1)01'1,-1+(14(%/,6*114)04')+, /102! EF/810-1*&&,+,0-1+01+('1('+)0."-', +961021+ ('
3,:45)/71/+5&,'1(*B'1/(0;-1&,22')"-6'/!,-IEF160340/,+,0-1$'+;"-1$*+6(/ CKTHHTLP
(,6(13*Q'/16034)'(-/,B'16(*)*6+"),R*+,0-1021401%/0)$*+'/1*-1*-*1 %+, 6*116(*11'-.'810-!
0)&) 401/ [/1+('14)5'1,34*6+1021J0)': +1,-1+('13%),-'1'-B,)0-3'-+71(0;'B") 71*13'+(0&!
20)160341'+'16(*)*6+'),R*+,0-1 02!,-&,B,&5*11/5)2*6+*-+/135/+1$'1&'B'104'&8!! |
EF/4'6,/1(*B'1$"-14)'B,05/1%!6(*)*6+"),R'&!$%!351+,41'13'+(0&/!,-615&,-.!
3*4),:1%// [+'&11%/')1&'/0)4+,0-1,0- R*+,0-I>STUVOAISF7  H=7ULK] W5 &16()03*+0.)*4(%!
>UJASF7SKTLMMA 01308, 1, +9671%-&16(*).'&!1*')0/011&'+'6+0)1>JTVAS  CHT%0),-& I'+1*18 1
5/&ISTUVO ISFI+0!,&'-+ 29%E?@!/0)$,+*-TE?@!/0)$,+*-130-001*+71*-&! E?@!/0)$,+*-!
&,01*+'1(03010.5'1/"),'/1,-IEFIP=X!(0;'B') 7!+(13'+(0& I+15-+$1'14+01&, /+,-.5, /(!
[+)56+5)*11,/03')/81Y0),/0B!"+!*1846(*)*6+'),R'&!351+,41'1$*+6(/102|EFI<=I>E?@!><=Al

/0)$,+*-130-01*5)*+'Al*-&IEF!P=I5/,-.I)'B")/'& 14(*/'">ZEAIUJ ISF!;,+(![,-  1/05)6'\!
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$HE." ) *+&t,~*1+-1.) /8%8&+)0)! (,1+2) .13&. ) 41-*1054%-/0-3,6,+51&* 41608486+),7)!
6- (/-*)*+.13510)18&+5186,41) )% (-,)+58190)! = 5 <=>1()+0-4.12.)1+0)160&48&6+)k, . +,6!
L TREN-§14,-1-76*52,2 (!, - *IA0,601%) /%) . ) *+.1-§1+0) 1$&+5186, 4114-1/%-$,7) 138460) .|-$1B> ¢!
T 3 <=>18N-A)A18-H (-%)16- (/%)0)*.,C)I6084E6+)%, 7&+,~*1-$1+0)! (, *—hI6— (/-*)*+.1, %]
B>.18*41 (-%)18662%8&+)1/%-8,7,* " 1-§1+0)1C&%,&3,7,+5!3)+A) ) *13&+60) .8ID%A) () +&HEF12. ) 41
2 31841 - %1 (=3,2,451=>1+-1.) /&Kk&+) 41, ~38&K,61. /)6,) .|, IB>IGHIA +014 $8) k) *+14) *§)) .1-$!
). H)h,$,68+,-*1351.,7)1.08/)813, ) HEBEA)C)7- /) 418 ()+0-412. *"1"L<: 5 16-2/7) 4IA 0!
608%" ) A18) - . ~24)+)6+, —*Ill s NLOI&*4I=>1+-1, 4)*+ §518*AIP28*+,+51+0) 14, $)%) *+!) . +)H!
6- (/-*)*+.1,*1B>.8190).)! ()+0-4.1A)k)14)C)7-/) 41+-16084&6+)%, 7) 1+0)1*&+,C) IB>1/4%-3,7)!
§-112.)1, %1, %42 #8218/ 7,68+, ~*3I!

90,.1A-%QIK) /%) . ) *+.140) 18 %. &) (/H&HE- (/%)0)* . ,C)I60&H&E+)%, 7&+,—*1-$1&7
*_x _* 6IB>1./)6,).1A+0,*1; ~h) 1,412, **IRB<STB: ;16-2/7)4IA+0! ; NLI&*412244810, " O!
). =72+, -*1 (& .1./)6%h- QMBS TR=>08 ; NL!,.1&12%,C)%.8214) ) 6+-Hhis-14!.) (,C-28+,7)!
E*AI*-*C=28+,0)16- (/-2*4.1A0,) I TR=>I87-A. 18-46- (/7)+)!,4)*+3$,68+,-*1-§!
*4,C,42806- (/-2*4.13512., %" 186621&+)! C&. .1 )&. 2%) O*+. MU/ /7 (8190, .1 ()+0-4!
8N-A)AIS-1.5.+) C&+,614,88)K)*+,&*,~*1-81, .~ O)h.12.,* 10, "OIK) . =22+, ~*1=>|=>1. /) 6+4&!
8*815., . 18* 414 $8)h)*+ &+, ~*1-91, . ~3&h.1, *1+0)1$2771.6&*10, " O1) . =72+, ~*1. /) 6+hEBIN*!

, (/h-C)A12%A)h.+8*4, %" 1-81:0)! ( ~7)6228HI0) )k ")*) +51&* 41/ =754, ./ Yh.,~*1-81 5 =) 1,4
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$%E&'(N)*1&+*,&"-.1/0%,-"-.1123*1,42*14 (1/*0+-+2*.5*1%,16%0*7-2!4,2*0!4//'-542-%.1-.123*!

*.8-0%.9*.2:1 |

2.2 Materials and Methods
2.2.1 Reagents and Materials

"14+96'8* 2+1$*0*1<=>61104(*1%0!3-13*0:1;1.*421+24.(40(1%, ! (-%527?"1+%(-&9!
+&',%+&55-.42* | @ABCCD!$4+1/&0534+%(1,0%9!C-194!;'(0-53!@C2:!>%&-+E!FBD:!>-G&-(!
+24.(40(+1%,160%(4!C24.(40('H$**. | IIK!@=C!JKD!@)425NAFHDPQDE!60%(4!C24.(40(!
H$**. 1 JO!@=C!JOD!@)4253L!KIOMKKORDE!4.(160%(4!C24.[3R{@/k0)-24.!
9%.%%"*42D!@)4253LIFMNAQS"PD!$*0*1%)24-.*(1,0%9!C-194!;'(0-53! @C4-.2!>%&-+E!FBD:!
6%0*7-21$4+190)24-.%(1,0%9! T4'5%!<%'(-.116%9/4.?:1U.+24.21B5*4. | 1+4'219-71$4+
59%9)-.*(1$-23!<=>6!104(*!$42*0!,%0!23*1+4'2 1$42*019420-7:1;"11'4++$40*1$4+19&,,"(!
421QOKV6!,%0!J!3%8&0+!/0-%012%!&+*:1H*,'%.!,'4+W+14.(1482%+49/*018-4'+I$*0*15*4 *(1)?!
+855*++-8*1$42*014.(145*2%.*10-.+*+12%!/0*8*.215400?%8*0!)*2$**.1¥7/*0-9* 2+:

2.2.2 Analytical standard stability

C&0,4524.210% *0* 5*1+2%5W+!@. X#KD!$*0*1/0*/40%(!,0%9!123*'-G &-(1+24.(40(+!,%0!
=CIJKE!=C!IJOE!+%0)-24.19%.%%"*42*E!4.(16%0*7-2!-.145*2%.-20-"*E!4.(1,0%9!23*!+%'-(!
+24.(40(!,%0!ABCC!-.19%¥234.%"1; "1+ 2%5W+1$*0*1+29%0* (¥ RIVE L I#KKZ1+%6'8*.21& .2-']
&+*:1[%0W-.114.4'22-54'1+24.(40(+1$*0*1/0*/40%(1-. l#K Z145*2%.-20-*L\K Z!$42*0!-.!

H*,'%.14&2%+49/*018-4'+1
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2.2.3 Sample preparation and recovery experiments

HS%& ()1 *(+(1&+(&S+(,1-]  "/0%1! 28$'3(.(14(5'6.178918+'(.%(:(+!5'$);)!
<4=(+%87-)=(+#>-(.2-5-ADHB+5$>2$.2)1*(+(1,-))6'C(,1-.! D.)?$.21E>($.1761)-%B'$?2(!
)($*$2(+1>6.,-2-6.)1$.,1%-%->1-6.1)B&&+())-6.Al  #6'- 1&=$)(!(F?+$>7-6.1*$)!&(+56+%(!
*2=1G$?(+)IE$)-) H1I1>$+2+-,3()1<I>>K1/00%3KILOM%KIN-'56+,KINO @All+-(5": KI>$+2+-,3()!
*(+(1&+-%(,1*-2=1 $>(?26.(KPQPI$>(?26.(QI*$2(+K!$.,*$2(«POI% LAHS% & * (+(1'6S,(,!
6.2612=(1>$+72+- 3(1$?1$!1+$2(165080%-. PAIA=(1>$+P+-, 3()I*(+(I*$)=(,*-?=IHI1SI3  +$,(!
*$2(+1$.,1,+-(,IB., (+IC$>BBUAIA=(14(5'6.15'$);) *(+(1+-.) (,I*-?=1$>(?6.( I<LFL%'6®. !
2=(1$>(?6.(1*$)!B)(,!1?261(B2(! ?=(1>6%&6B.,)I5+6%!2=(1>$+2+-, FIH#SY6& () 1*(+(!,+-(,!-.!
$I4=(+%6IH#SCS.21#&((,C>IHITRR"PIIS. , 1+(>6.)2-?B2(,1-.1/00 IMI$>(?26.-2+-'(1$.,! )26+(,!
-1?2=(IROUBIB.?-1$.$")-)Al |

9+-6+1261$.$")-)KI"OIM'I65!(F2+$>21%$)! 'B2(,I-.IPVOIM'I65IHO1SI3+$, (I*$2(+1%-7=!
1%%6'1$%%6.-B%!$>(?$2(I-.|$1#$C-"(FI/OOM'1970I$B ?6)$%& (+!C-$'1<W.6FC-"(KI42 @A!
4=(18+(&$+(,N$%& (1*$)!$.$":X(,1*-2=-I"YI=6B+H)KIZ(>$B  )(1?7=((F?+$>21*$)!B.)?$Z'(!-.!
$[B(6B)1)6'B?-6.)156+!'6.3(+17=$.IYVI=6B+)All
2.2.4 UHPLC-HRMS-CAD Analysis

H-3=1&(+56+%$.>(I'-[B-,!>=+6%%$?63+$&=:I<HI1S @!$.$")-)1*$) & (+56+%(,!6.!$!
[ IM'1-](>?-6.1651)$%& (Al4=(IH91S1):)2(%!>6.)-)?(,165!$!19011$B 26 B$%&'(+1<4=(+%6!

7)=(+#>-(.2-5->@!$.,1T-6.(FIN?2-%$2(IL000_#1Z- $+:1=-3=18&+()) B+(1%-F-.31&B%&!



$%&'()*+,-&'(1./,01,2,/31405141678'(-,91:*951;  <I('='(-'518&4-'1/*9>)0!$?@AIB)C!"DD!E!
"@7?!1))Cl%&{)*1+,-&'(1./,'01,2,/Cl.40IF*'Cl;G3@!%&'1,0,1,49!/*05,1,*01*211&'1/*9>)01H4-!
ADIG!$JIBK!4))*0,>)!4/'141'1,01H41'(31405!?DILI$IBK!4))*0,>)14/'141'1 0!
41'1%0,1( ,9'3!H,1&14129*H(41'*21#DD!BRI! ¥405!/+9>)01*="011)8' (41> ('*21#DO; @!%&.!
404971,/49!P(45,'0!H4-18'95!4117DIL!>01,91?1),0>1'11&'01(4)8'5! 1| AAIL!>01,9!"D!
),0>1'-1>- OP141/*0="EI$9'='01#3!/>(=' @®RAP(45,01!H4-1&'951411AAIL!>01,9!"J!),0>1"-!
405!('1>(0'5!1*1,0,1,49!/*05,1,*0-1"J@7"),0>1-@!Q0, 1,49!/*05,1,*0-IH'("1&'95!2*(1J1),0>1"-!
2+(11*9>)01( NR>,9,S(41,*0@
+>99!-/401K.15'1'/1,*0IH4-18'(2*()'5!H, 1&140! T(S, 1(48!+>- *0IM>)*-!
$(-*9>1,*01UIVI"<DW!41!"DREYAO0P 1 2JDNDDRG# Cl4>1%)41,/1P4,01/+01(*9!<'IX!
)4E,)>)!,0Y"/1,*0!1,)'1?DD)-3!H,1&1'9"/1(*-8(47!,*0,Z41,*01$[.Q3!,018%-,1,='1)*5'IH, 1&!
41-8(471=*914P'*21##DD\1405!41/48,994(7!1)8' (41> ('*21"]J0;1405![.Q!,010'P41,=")*5'!
H,1&!41-8(47!=*914P'*2JDDN\@!K."K.14/R> -, 1,0IH4-18'(2*()'5!>-,0P!8'4W!48'E!
5'1'/1,*01405!5704),/'E/9>-*0@!_(‘/>(-*(-12*(IK."IH'(1-'9'/1'5!>- 0P1%*8!.8"5!
)'1&*5!H,1& 12N'/*05!/7/9'11,)'@!6,P& N-*9>1,*0IT(S,1(48!K."140497-,-1/*0- -1'5!*2!
&,P&I/*99,- *015 --*/, 41, *01$6; 31<J\XIG;:I"@J'<X1)4E,)>)!,0Y'/1,*0!1,)'alID)-X!

,-*941,*0!IH,05*H!?@b 4C!IUV?JW@!
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$%&!"()*+!,-.1/0123&4!50!-16708&9!+0:08-1'35:-1+%-:;&4!<&:0.03!6 &5&/50 !
=+<6>102&:-5&4!-5!?7@!2.71875:0;&8A!8&B137C&:1%&-5&:!"@D+AIE735&:!,-.1.&5!50!FA!4-5-!
/033&/5708!:-5&!-5!GF!(CAI20,&:!E18/5708!.&5!60!GH!

1087C-5708!&EE7/7&8/J!,-.1-..1K&4!50!B&!/08.7.5&85!,75%78!&-/%!&.5&:!1/0K208&85A!
%0,&L&:Al5%&:&!-:&1205&857-5708! 4B &B&5,&&8!&.5&:.1/0K208&85.!-84!15%&: &EO:&!
5%&!IMN!:&.135.1-:&!. &KBT1-8575-57L1&H6!,-.11.&4150!12&:E0:K!P1-8575-57L &!-8-3J.7.!10E!

+0:8975!BJ!&.5&:!1/0K208&85H!

2.2.5 Data Analysis

$:-/&!1Q784&:1#HG!=$%&:K0Q7.%&:IN/7&857E7/>,-.11.&4!50!14&5&:K78&12%&505-3
785&8.75J'E0:1&-/%!E&-51:&!,75%!-IK-..1503&:-8/&I0E!?122KA!:&5&85708!57K&!,7840,!0E!SF!
.&/084.A!-84178/314&4!7.0502&!2-55&:8!K-5/%!-841E:-;K&85-5708!708!74&857E7/-5708H!$%&!
505-3/E&-51%85&8.7%3.14&5&:K78&4!BJ15%&!. 1KIOE!IK135723&!K03&/13-:17006B/R1478;!
2:0508A!.0471KA!0:!-KK0871K!-441/5.1E0:1.78;3J!/%-:;&4!.2&/7&.A!0:!-8J//0KB78-5708!
E0:1401B3J3!/%-:;&4!.2&/7& . H!+:75&:7-150!.1220:5!-1/0K201844&85758B/314&4!1=G>1&9-/5!
K-.1=T1?22K>A!=">10//1::&8/&!0E!K0:&!5%-8!&7;%5!&5%09IK&:.!78!-1%0K03(RI&& . Al="7>!
&92&/5&4!:&5&85708!57K&!-841B&%-L70:Al=#>12&-R!.%-2&!.7K73-:75J!,75%78!-19%0K030;1&!
& 7& Al=@>!E78&!7.0502&!2-55&:8A!-84!1=U>1785&:2:&5-5708!0EIMNVMN!1.78;!IM-..1Q:0857 &:!WH

=$%&:K0Q7.%&:IN/7&857E7/>H!M-..!Q:0857 &: | TB- & B&N'#$!%&K-. .!1.2&/5:-3!
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$U0&'()*+&+,-*1.%)/,0+,-*1+--12134,04145.-+4)6,7)61$%& ' ()*+!,-*61$-%!&!" 8)*1"9!

(-1)0:1&%616+%:0+:%)1;&6)/1-*1<*-3+1$%& () *+&+,-*1%:1)61&*/11,:%E&%, ) 6E!

2.3 Results:

2.3.1 Reversed Phase Separation of Corexit 9500 components

>106).96)6)*+&+,8)1:&6))&<!,*+)*6,+51? @ABC!04%-(&+-'%&(1$-%!D-%) E, +!,6!64-3*! *!
F,%)IG&=IHAN)+)%-")*),+51-$1+4)1(,E+:9%)!,61)8,/)*+1$%-(1+4)104%-(&+-'%&(1&6!3) 1 11&6!
+4)1$)&+:%)1/)+)0+,-*1.1-+134)9%)1(:1+,.1) 1&*/10-)1:+*  14-(-1-)16)%,)6!8%)!-;6)%8)/!
3,+4,*)&04AN6+H)%I0C-*  J*+IF,%)IG; G, (,1&%!+-1-+4)%6156-%6;8+)16:%$&0+8&EHG4)!
0-(.-*)*+61-$ID-%)E,+ 11:+)/ 1;51+4)1/)'%))1-$!)6+)%,$,08+,-*13,+41%-%)6+)%,$,)/!
)+4-E51&+)BL:+,*1$,066+1;)+3)) K LM(,*21+4)! &* -* 016:96$80+&*+IONII&+1#1(,*2!
(-+)6+)%61;)+3))*1  MKHK(,*21/,)6+)%61:)+3))*IK " LKQ(,*21+96,)6+)%6!;)+3))*KR!™ I(,*2!
&*/1$,*&1151+)+%8&)6+)%6!;)+3))*1"&(,*=! |

Q1i+,-*1.%-$,1)6!$-%6!)&MBIVSEO0+&3)%) ) E&(,*)/1;510-*6+06:0+, ¥ 1+4) ) E+%&0+)/!
-*104%-(8&+-'%&(! ?RBII?F,"%)IME6-()E&OH"# 18&1:)6!+-1/)+)%(,*)1+4)! *$1:)*0)!-$!
048&,*1)*'+42168+:%8&+,-*21&*/10-%6)1'Vo-: F196)+)*+,-*1+ ()] &*/18)%,$51%)6:1+6!8'&,*6+!
YENOH)1)Li+,-*1 &++)%*6 =6, +4,X1&10-(.-*)*+214-(-1-1)16)%,)6!)L:+ )13, +41,*0%)&6,*!
04&,*11)*+4TBA4-%+96!$&++518AF>CI048&, *61)1:+)/1.%,-%!+-11-*)%D4&, *612F, %) IM&C=

A-15L*68+:%&+)/IF>1)6+)%686)!(-%)145/%-.4,1,01+48*16&+:%&+)/IF>1)6+)%6=IH4)%)$-%)2!
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$%&()*+,-).,-I0  112+1/&)-/01/,.&3/.1-4,%  15%*Y()*+,-).,-/0V121/+-/ +6,*0l+ -).,-/0112]
[+-1+17138)./19:;<1=%-4%:+/.> -3%*+1?/.| |@%*+3+-/*-123-41-4/\/A$/@-/01/&)-3%*1$,--/ &1

B3-43*1+/.3/+1@%;3*3*81-4/1+,5/112!@4,3*1&/*8-46! 0/8.//1%C!+,-).,-3%* |,*0!
)5:1.1%C!/+-/.18.%)$+  61-4/1/&)-3%*1%.0/.1%C!-4/!@%./!8.%)$6&&%?/0D!+%.:3- *6!
3+9%+9%6.:30/6!,*01-4/4112Y+-/.17138)./ 'E,;<IF$/@-.1)*0/.1+/>/.,&1$/,G+12/.///A,53*/01-%!
0/-/.53*/1-4/1,00) @-103+-.3:)-3%*1:/-2//*| @%./18.%) $+! *0123-43*], 1+/.3/+<IH4/+$/ @-.,!
C%.1IKI+%.:3- *15%*0%%&/,-/! @%*-, 3*/0P%!5,L%.!3%*+/.3/BMNOP QR *O!
MNO"7P@;R'8243&MNOP, R./$./+/*-/01153%  %.#/.3/+17138)./1E:;<!1%:+%.:3- *!
5%*%%&/,-/61-4/15,L%.13%*13+IMN@<IHA/!5, L %.13%*IC%. | JK| @4, 3*+1&/++1-4 *ISH? +]
MNOPQR6!,*0! MNO"7PQ;R1C%.1JK!@4,3*!8/*8-4+18./,-/.1-4, *ISH<IHA/1+$/@-.,1C%.!1 IK!
3+9%+%.:30/15%*%%&/,-/!, *0I1IKI5%*%&/,-/1,./10%53% -/ 01:'! MNOPQRI3%*!+/.3/+6!,*0!
-4/IMNOP, RI+/.3/+1@%5$.3+/01,:%)-1"TUI%C1-4/1-%- &IC/,-)./1,./, <HAIIMNOQRB%*1?, +1
*0-10/-/@-/013*1 *'1+/.3/+ <1

H4/1%)5:/ 196 C1IK1)*3-+1,&+%!, CC/@-/01-4/1./-/*-3%*1-35/1%CI$%& +%. -1+ 7138)./!
Vi <IPY%*/+-/.3C/Q+/.3/+1/&)-1 0173-413*@./,+3*81IK!@4,3*1&/*8-4<IIKI @4, 3*1&/*8-414,01*%!
ICCI@-1%A!! /&)-3%3%C96*%/+-/ A+].3/+<I\B/+-/.61-.3/+-1.61, *O-/- ., [+-/.1+/.3/+ 1/&)-/0!
23-410/@./,+3*81IKI@4,3*1&/*8-461,+18%*8/.|IKI@4,3*+13*@./O#4/) 4'0.%$43&3@3-'1%C!-4/!
5%&/@)&I<IX/$./+/*5-3>/1+-) @-)./+IC%. !, &&I-4/| @%5$%*/*71B8)./1#1 0 13*@&)0/1-4/!

*5/1,*01.,*8/1%C!-4/1JK!@4,3*1&/*8-4!  0/-/@-/0'$/.!+/.3/+<!
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2.3.2 Core group and EO distri bution in Corexit

$%6&1()&*+(!,-1.&+&/,0896&1+2!31+.1%!4,/&51+11(168/17&6!-/,81+.&1+2) &1 -1* /&
0/,9) 11%!"(&/1&(:);.&1+./&&!<(&/T&B * /&10/,9)(I1&)(,/<1+'%=11(,(,/<16&=!'"%6! >? I&(+&/(t
2@+.,90.1), @2(,/<+&(1'/&),-+8&%16&(*/1<&6!<21+.&1(,/<1+%!*,/&='@ @ H¥AR0/,9) (!
3&/8I1&AY'@@2!61(+/1<9+&6!1%!+.81&+. 52@'+&=!8,%, &(+&/=""%6!61&(+&/!*,8),%&&d+(1B>109/
HCID%!+.&18,%, &(+&/!'%6616 1&(+&/1*,8), %&Y-HEB!&(+&/('/&1+.&1)/&6,81%'+&! () &*1&(!
BGH!'%6!GKI LI=1/&()&*+17&@R2@@,3&6!<2!EF$!(,/<1+%!&E&/(IBK'MII'%6!KN #J=!
18&()&*+17&@2C"%6!EF$!1(,(,/<16&1&(+&/(IBL'%6!0U KI=!/&()&*+178&@2C:ID%!+.&!
&+.,52 @'+&!*,8),%&%+=IEF$!1(,(,/<16&1&%* 8)'((&6!+.&!@'/0&(+1),/+1,%!BBHIC=!
-, @@,38&6!<2IEFS$!(,/<1+'%!BHGC=!"%6!EFP!BINUC:!;.&!+/1&(+&/'%6!+&+/'&(+&/!
* 8),%&%+(1 % @2!* %+ 1%&61+.&!(,/<1+%!*,/&10/,9)=!"(1+.&I<1+%!(+/9*+9/&!'(!-,9/!
18&*+178&26/,52@10/,9)( I-,/1&(+&/1-1%+1,%=13.1@&!1(,(,/<16&!,%@2!.'(1+236/,52@!(1+&(:!
1 1(1,<(&/7&6!61(+/1<9+1,%!,-1* /&10/,9) (1(900&(+(1+."+1+.&1.26/,52@!(1+&(.'7&!(181@"/!
18 +1T1+214+ 1&(+&/1-1'+1, %! (MBI *+1,%! -1+.&1* /&10/,9)(13'(1*, %6 (1(+ &Y%+ <&+3&8&%!
61--8R%+1680/&&(!,-1&(+&/1-1%+1,%

. &1'7&/'0&1%98<&/ -IF$I9%1+(I- /1), @2(,/<+&(! 1(I'@(,!<'(&6!,%!+.&1%98<&/! -!
18&*+178).26/,52@!(1+&(!,%!+.&!*,/&10/, 9RIR1%64&* 1.26/,52@!(1+&!. (\&AY' @!/&*+171+2=!
' 08&+.,52@'+1,% "HST$ K, /<1+%T1(,(,/<16&!3,9@6!/&(9@+1%!"%!'7&/'0&IF$!*."1%!

@&Y%0:+!Q:#IF$'9%1+()&/N'/8U!+.&/&-,/1&=!(,/<1+'%6,%+'1%1%0!(&/1&(!13,9@6!1%* @96 &!,%!
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$%&'$(&!")*+1,-./0!1$-11.0202'3.1& 42-/$.-.-(10&"'.&0!62,71!52-/$.-189 )81;-1&&1<!
02'3./$-10&".&0!&=>.3./&1!$-1$%&'$(&!*+!7&-(/>12?!" @<!6F&D202'3.1&!$-1!?$//Al$5.1!
&0/&'10&".&0!52-/$.-&118"1$-118B!*+!,- /0!IC&'ID27&5,7&<!"&0C&S5/.%&7AIEF .GB&:! >&?,77!
*+11.0/'.3,/.2-12?13*+102'3./$-1D2-2&0/&".010>26-!.-IF.(,'&!G3!E.-0&/H<!6./>!*+!
1.0/.3,/.2-I'$-(.-(1?'2D!'B  &KB!,-./0:!1>&!-2- 4&/>2=A7%#1!02'3./$-D2-2&0/&'!.0!$702!
1&/&5/&1!.-1/>&10&'.&0:11>.0152DC2,-1!.011&".%&1!?'2D!/>&!ILC$-#B!0, ?$5/$-/1$- 1!
52DC'.0&0!B:#M!12?1/>&1/2/$7!>2D272(,&!0&".&0!I3A!$ & %i&'$7 15 &!$%& ' $(&!*+!5>$.-!
7&-(/>1$-11*+11.0/.3,/.2-16$0!027&7A!1&C&-1&-/12-1/>&!-,D3&"T  2?I'&$5/.%&!>A1'2=A7!
0./&0!2-1/>&!52'&!('2,C!$-11-2/12-1/>&11&('&&!2?1&0/&'.?.5$/.2-:11>.0!?.-1.-(1.0!52-0.0/&-/!

6./>1C'&%.2,07A!'&C2'/&1!'&0,7/01?2"12/>&"1C27A02'3$/&!0C&B&D:

2.3.3 Distribution of fatty acid s in Corexit

N7/>2,>1L#B!1$-1JL#@!$'&!52DD&'5.$77A157$00.?7.&113A!/>&127&$/&!&0/&"'D2.&/A<!
0/,1.&0!>$%&!10>26-!/>$/1&$5>1?2'D, 7$/.2-152-/$.-&1!$!%%$".&/A12?15>$.-17&-(/>0!$-1!
0%$/,'$/.2-0: ke<@#4D$0!5>'2D$/2('$C> AIEOPH!.0!$!57$00.5!D&/>211?2'11&/&'D.-.-(1?$//A!
$5.1152DC20./.2-1.-IC27A02'3$/&09R26 &% &'<!OP!'&S,.'&0!0$C2-.?2.5$/.2-12?1/>&!?$//A!
$5.1<!16>.5>1&7.D.-$/&0!/>&!52DC2,-110C&5.?.5!.-?2'D$/.2-1/>$/162,71!3&!$%$.7$37&! .- 1$!
6>27&!52DC2,-1!$-$7A0.0:!

TPARUVLID&/>210!>$%&!3&&-!,0&1!/2!.1&-/.?AY$5/152DC2,-10!$-1!

1&/&'D.-&1!/>&!&0/&'1.0/'.3,/.2-1.-15>'2D$/2('$C>.5$77A!'&027%&1IC&SWO:!I>&!D$X2'!
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$%%&1()*(1*+,%'1-*%1. $//'+'0($*($011$%, 2'+$313,24,80.%!-$()1%$2$5*+I'5&($,0!($2'%6!
7$1)1+'%,5&($,0189:891/+*12'0(1$,0%!,/1$%, 2'+9%!-"+'1$O(+4+'(.1&%S$01 1)1 I"#SI%IR.
[+¥12'0(%($,01(,,5;18*%9%!<+,0($+;1(, 14+ . $3(1/+*12'0(1%(+&3(&+'%66%, +1$0%(*031=>?! @ABC!
2,0,5$0,5*(1 @DAERTI=>?I@AAC!$%,%,+G$.'12,0,%(*+*(@DAEFHC!-'+1$%,2'+%!-$()!
(O*##ABGIBAAF()IISKL7  eM$,0!@$LE&HEBGIN) V$+UM(&+ '5&(.I*(IAAGO12$08&('%!
-$()! ()* WABG6IB"H!@HGH#E!AMDCEP B9:89! %4'3(+*13,0(*$0".1112%%6%+*12'0(1*(! ()* !
OHR6"IAK)$3)1-*0612%(3) . 1(,1*1  5$0,5*(1/+*12'0(! @37 o -K7MI'S*3(1()* IOHR6E"IOA;!
2%0406!"++, +FIBEH#I442C6IN)$%!%4'3(+&214+,T$. . I'T$. 031 * ()M (&+'1-*% =>?1@ABC!
2,0,580,5%( 6IN! %'3,0.1/*(&+ I'5&(.I*(IA"6112$0&('%!-$()! ()*##AB6IB"E!@ABEI442C6
NYI7P B9:891964'3(+*1,/1)$%!/*(&+' 1*.| 2%060H+*12'0(1$,0%!*(! ()* IOAAE"#IBI*0.!
ERBHBBAL)$3)!-+12%(3)"1(,1  *196(*+*(1/+*12'0(1@ID+7 o2 -K7TM'S*3(/( )*IOAAG"#BB;!
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2.3.4 Isobar characterization using UHRMS
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2.3.6 Corexit and PS recovery and relative response factor using CAD
and MS
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2.4 Conclusions

A*+6!16.F=H!+6!.*-11+BB!7289,-.- H!7*;3;7.-3+G-1.*-1728926+.+2:1211K23-'+.IMN((%!
A*-1 8-*2=! +=-; +1+-3$>$&!+:=+0+=F;,172892F:=6!+:1K23-'+.IF6+:<!3-O-36-=19*;6-!
,+PF+=17%328;.2<3;9*HI72F9,-=N+.*IF,.3;*+<*13-62,F.+2:!;77F3;.-18,;66!8;66!
69-7.328-.3H%!A*-1Q/!1F,,167;:169-7.3;!;:=!Q/ R5SI5!69-7.3;!)-3-IF6-=!1.2!
=+11-3-:.+,.-17*328,.2<3;9*+7;,,H!6-9;3;.-=!  +628-36F6+:<!7*;3,;7.-3+6.+7!I5S|5!
13;<8-:.61.%;.1)-3-18;.7*-=1)+.*| "#$!1%!8'3;<8-:.;.+2: %!T:!;==+.+2:L!+62B;36!)-3-!
+=-1.+1+-=IBH!3-62,0+:<1.*-1+62.29-1-:0-,29-6121!7,26-!-,F.+:<!1-;.F3-6!;:=172892F.=!
1-;.F3-:66+<:8-:.%! !

K23-'+.1;:=13-,;.-=192,H623B;.-6!)-  3-17289,-'18+".F3-6!)+.*1;10;3+-.H!121!
72892:-:.61+:7,F=+:<192 H-.*2'H,;.-=1623B+.;:L1+62623B+=-L!;:=!1;..H!;7+=1723-1<32F96L!
=1*-+3182:2  RI=RIL3RI;:=1-.3; R6.-3!1;..H!;7+=6%!A*-1=-<3--121192 H-.*2'H,;.+2:!);6!
=-9-:=-112:1.*-1723-1<32F9!;:=1);6!72: 6+6.-..1B-.)--:1=+11-3-:.1=-<3--6121!

-6.-3+1+7;.+2:1<32F96%!A*-1:2:- *2'H,;.-=1623B+.;:1;:=14+62623B+=-!-6.-3169-7+-6L!)*+7*!

"#1



$I6&'&()*+!,%6$-1.$%6/&*)(1-B($S0+)*+112+%6-+13+*+4*+31)*10+.. 1¥5) (1671, *5+1*$*)01)%6+)!

28*5&(1)I5$-$0$'.+06&+.8195&.1.%:3;1,$:(3I5)*I* 5+l<=1-&>*:%+.15)31-$%+14$-20+>8&*;]

*5)(1@$%+>&H/). +3IB(I*5+1 )**:1) 48 31-$&+*8195&..1, &(3&('1&.1:(.:%2%&.&("1!).1$*5+%.I5) A+

5$2(1*B)*1*5+00+14) (1/+].&'(8,&4) (*IA) %&)/&O&*; 1&(1<=1-&>*: %o+ 1/+*2++(1-)(:,)4%:%+0%.]

)(3H+A+(128*5&(1/)*45+.1$,1*5+1.)-+1B:)0&*;8 "CIDO*5$:'515+E=! -+*5$312).!

A-& B:)(*&*)*&A+LI&HIA)(/+1: +31+$12%$, &0+ @ SYBUHEHA5!)..+. .-+ (*1$%!-$(&*$%6& (']

(3+%!+(A&Y$(-+(*)014$(38*&$(8
@$%+>&*)(31)..$4&)*+31<=.12+%6+1)0.$145) %) 4*+06&F+31/;13+'Vo++ 10k, &4)*&$(!

. &(*5+ @DG8!95+@DG!)()0;.&.1.5$2+3IGH==1&.1*5-+12068-)%;14$-2$(+(*I$,| @ $%o+>&*!

)(313&+.%+06. 11)(31¥06&+ *+%6. 12406+ 1*5-+1(+>*10)%6'+ . *14$-2$(+(*.8! @$%+>&*1)0.$14$(*) & (+3!

($(+.*+%,8+31+*5$>;0)*+.112584510)411*5+1)-258 25&08412%6$2+%6*&+.15,1.:%,) 49(*.1)

*5 406+ $Y0+3B! (SHAB(*Y6&/ IS5 +15&0&; 1B, 1¥5+13&. 7+06.) (B1J:%*5+ 0] *:3&+.1)%+1%+B:8&%6+3!

*$13+*+0h-&(+1*5+145+-84)01.%)/&08*;1) (31*%) (., $%-)* &S (11 &(+*&4.1$,| @$%o+>&*1: (3+%1A) %&$:.!

A$(3&*&SB(.1*$!). .+ F5+1+(A&YS(-+(*)01&-2084) *&$(1$, 1*5&.1-&>*:04+8

"#1



"# $%&E&)*+,-*#.,*/0&/1&234&+/-#*,"0&%+,%-+&*0&25&6*7,&%+

$%&'()*+%l | -$.! -3$.! -3$.! -3$.! /'809, !
['012%+3! | /'012%+3! /'012%+3! | /'012%+3!
4'3'5%,0 !| 62,5%,0 | 702,5%!0 | 7,%0+,5%,(
16 ] "e=>1 ?2:<@* AB<" ?<B C0+3D3,6H
6 ! "B<:>! ?=<B3 AB<@> 6 ! C'025'FFA
-'#G! | HB>! B"> ! #G>! A>1 6 ! $0D,1 78

"#1




W)

‘266

ORQRHVWHUYV

(WKR[\O|DWHV 'LHVWHUYV
fULHVWHUYV
THWUDHVYV

L QWHQVLW\ $UHD .
I

P ]
Sy

s

SHWHQWLRQ 7LPH PLQ

®3(2 ©'266 ® ORQRHVWHWHWWO WHVWSHIHWUDHVWHUYV
!

"#P%&( ) *&+%&,&-./."0&'1/,&'+&/2'34%56/.5#%/6'57'85%&9"." /;'[-<'T &/ .$%&'
<&.&3."5-'+=5."1;"#&-&%/.&<'7T%56"-<"0"<$/='&.459>6&%,?'856+5-&-.,'/%&'=/1&=&<'/,’
&.459>68%,"1=$&; @'ABCC"%&<; @'68-8B.%, #%&&-;@'<"&,.&%," +$%@D=%"&,.&%,".&/=;@"

.&.%/&,.8&%,":5%/-#&;?

n#!



E

3(2 VRUELWDQ & | 3(2 VRUELWDQ &
«3(2 VRUELWD®R & see 3(2 VRUELWDBQ &
—_3(2 VRUELWD® & —_3(2 VRUELWRQ &

il I

el un

- :

3t

......

5HWHQWLRQ 7LPH PLQ

"#$%E&( ) *+,%-.,"/0™/0".1%/2-,/#%-23'456738'9/%'3:&."&3'&;$,&'<="'0.%&-3"0#'
1-"0%&0#,1' >",1'?7*@'4AB8'3/%<",-0'2=%"3,-,&'47C()D8'2EF'CGHBIJKAAL"?*@'4AB8'3/%<",-0'

:-;2",-,&'47CB)D8'2EF CGBGIDCHGL'-OM'?*@'4AB8'3/%<",-0'1&:,-M&.-0/-,&'47CN)D8'2EF'
CGNJIDAJC'4-81'567'9/%'3:&."&3'&;$,"0#'<='9-,,='-."M'3-,$%-,"/0">",1'?*@'4CG8'3/%<",-0'

;"0/,&-,&'47CK)A82EF'CCD(INAGCL'?*@'4CG8'3/%<",-0'/;&-,&'47CK)C8'2EF'CCDBIN(DKL'-OM'
?7*@'4CG8'3/%<",-0'3,&-%'47CK)D8'2EF'CCDKINGB/('4<8lI

"#1



— 7.&
— 3(2 VRUELWDQ PRQRROHDWH
| JE— 3(2 LVRVRUELGH PRQRROHDWH
3(2 PRQRROH
| T T T 1
5HWHQWLRQ 7LPH PLQ
E >0 1+ @ F >0 1+@ G >0 1+@
5 — =,
Q Q Q
3(2 VRUELWDQ PRQRROHB¥HVRVRUELGH PRQRROHD(WRRQRROH

>0 1+@
1 —

Q
A

"

"#$%&()*+%,"+-'+.",/&',+,01"+-'2/%+30,+#%03'456 78'+.'7+%&9",":(;;'40<',+=8<'
0->'&9,%02,"+-'2/%+30,+#%03?'4@67?8'40<'A+,,+38<'0->',/&'?=&2,%0".+%"*BC'?+%A",0-'
3+-++1&0,&'0,'DEF'3"-'"4A8<*BC"??+%A">&'3+-++1&0,&'0,'GEH'3"-'428<'0->"*BC"
3+-++1&0,&'0,'GEG'3"-'4>8E

"#1



Kzﬁz % ’ S +K§/\ %/J“
7 ’ 2 2\
A b 4WW I
W KA"}YE ]S v W K/e}e}E ] W}oC SZCo v '0C
K uv]se AU iTroi Kuv]se Airii Kuv]Se Airiod
Kzﬂ? %\@\3)& 2 {\/\ﬁjl I
2 “h g ) 2\ gz +2\$/\2%J\&+
o Jr S
KA}E ]S vD}v} «§ E W K/e}s}E ] D}v} 5| E W K& O©C ]
fOWIT Kpuv]se Airii fOWT Kpuv]se AirfTi iOWiI Kpuv]seAiU
fOWi Kuv]SeAirio fOWIi Kpuv]Se Airii fOWi Kpuv]se AT
iOWT Kpv]SeAirio fOWT Kpuv]Se Airfdi fOWT Kpuv]se A
\é)v\Q/\z] : H WAL\/\%[ ) @ EETZMZ%g;
W KAYE ]S v ] 8 E W K/e}e}E ] ] 8 & W K& ©C ]
fOWi TOWi Kpuv]Se Alirio ioWi ioWi Kpv]Se AjrioioWi ioWi K puv]s
fOWi 1OWi Kpuv]Se Alirio ioWi iOWi Kpv]Se AjrioioWi ioWi Kpuv]s
fOWIi 1OWi Kpuv]Se Alirdi ioWi iOWi Kpv]Se AjriAioWi ioWi Kpuv]s
fOWIi i0WT Kpuv]Se AliriAi ioWi iOWT Kpv]Se AjriiioWi ioWT Kpuv]s
fOWT iOWT Kpuv]Se Alirdi oW1 ioWT Kpv]Se Ajridiowt iowWi Kpuv]s
AT e J(\/Wak
prscaetil R
4_&/ z - &’Nz/ z
W K""}E ]S vdE] S E
fOWi T0Wi i6Wi Kpuv]S«Aodrnio W KA"W d SE 3§ E
OWI TOWIT TOWIT Kuv]seAiofii  joWi f6Wi ioWi i6Wi Kuv]se|
fOWI TOWIi To0Wi Kuv]sv~A[U rrn iowWi ioWi ioWi ioWT Kpuv]sey
FOWT TOWIP TOWIi Kpuv]S«AiUIfrin ioWi ioWi ioWi i6Wi Kpuv]s
fOWi TOWi TOWT Kpuv]Se ATU|irié iowi ioWT iOWT i0WT Kpuv]se
iOWi ioWT i0WT Kpuv]S«AiU|orio jowWi iowil ioWT ioWi K puv]se
fOWT iOWT iO6WT Kpuv]Se AiU|drif

Figure 6: Classification of polysorbate compound classes, structures, and EO
chain length

n#!



'2?, [].VRVRUELGH
o DWW\ $PLG 3(
g 1 B 6RUELWDQ
5
e
— i
=
u -
=
> (WKR[\ODRGRHVWBIUHVWHUWH VW HZHW H V W
; 5
~ a
EZ _=;n;;=..=iiiiiiiii iiii..___
m (WRK\ODWH 1XPEHU
)
T .
(1]
o
>
H -
T
e
=

(WKR[\’(DIDW(BIRHVWHlUHVWHlJ'LILHV\VVHEHWHVWI
Figure 7: Distribution of core groups (a) and average EO chain length for fatty

acids isosorbide, and sorbitan (b) within each ester component. Inset shows
distribution of EO units for PEO sorbitan monoesters.

"#1



3(2 & 3(2 ,ZVRVRUELGH &

| [ :
¢
Iy
X
nJhU
el B ] Illll ! "
P P ]
P] &
H
2
S H
: 3(2 & 3(2 ,VRVRUELGF
o Pl P ]
- Ssp | sSSP

2
)
| g
H MZ%L& . «92\/3[\ 2 . Zf—&

[

SHWHQWLRQ 7LPH PLQ

"H#P%E&( ) *+,,"-"+. [".0$1&0'0"--+1"23"+.'4*567'-8&13%2'+Y-+:&%"1'-8&1"&-'4,&937"
[ <='435?7+ 4+ M +,&23&'4A@A>>BC".DEF'G>?BH?1J7'2.0'4%"#K37",<="4>>7"-+-+%L"0&'
+.+-3&2%23&'4@A>IBH"".D"EF'G>?BH?I(7'2.0'8%+8+-&0'9%2#:&.3'-3%$13$%&-'M"2'N2--'
1%+.3"&%

44



Degree of Unsaturation

Mo [ [ [s [+

1.00 A
0.05 1
0.04 1
0.75 A 0.03 1
©
0!_3 0.02 1
<<
o 0.01 1 II I
+«= 0.50 4
|9 0.00 - -—---—---_ .
o 5 10 15 20
C
i)
S 0.25 A
o
L
0.00 - —
5 10 15 20

Carbon Chain Length !

"#3%E&' [ )1+, &H#-%,#./1.0101,,2113#4!'+,'&+1#/15.&'6#,!(788!-1+'41./19'1:11&'1!
08&.;1,<'1=>5113&.++!;./. 088!, &#@11/4),7&1&+!;'1+%&'4#/!,<'|A5  BCDIE<'I#/+',!
+<.F+!,<'#/.&!101,,2113#414#+,&#-%,#./'\GHIJ!.0!,<',., 1KLD!

n#!



JUDFWLRQ RI &RPSRQHQW $UFH

[].VRVRUELGH
Cl)DWW\ $FLG 3(*
B 6RUELWDQ

ORQRHVWHUV

TWHVWHUN WwHVW

'LHVWHUV

P BRI D IRy BRI P D RS Ry PV

R A R R R R R R I R B

&b B F &b I I

"#$%E&'() H+#,-&#.%-#/01/1112-3124#5!",-'&,1.3!4/&"1$&/%6!205!5'$&"1/1!",-'&!
,2-%&2-#/01/117/&'8#-19:))1.2,'51/016'2;12&2!1#0!-<'1=>7? |

"#1



57 PLQ 5 57 PLQ

& &+ 2 & + 2

>0 1+@ >0 1+@
([DFW PDVV ) ([IDFW PDVV
0DVV (UURU S$P 0DVV HUURU

J |

L
-
>
(@4
I H A
=
(@4
H -
H -
5HWHQWLRQ 7LPH PLQ |
"#$%&(( )*+,--,./'012',3'.45'6789::86' '7'<<.="*> <['3$??' @ABC' @<&A-%B'

*DE(FGH/'\3"@,.&%"A'@<&A"&@"™*-,<'?&BIK'8' 6/'.,C,,?&B-&'.,C,?"C,?&B-&" *D>'F898'
SC="1"# '6789:7TF8LMF'<&BH" C'%&BICN'*,<' %"#O-I1IK'*6/'N",?&B-& *D>'F89:"."C="1"#$
6789::86'.,C,"@,-,<"A' <&BH"'C'%&N

"#1



6LJQDO E\ &$°

- ORQRHVWHUV

'266
(WKR[\ODWHYV, '"LHVWHUV 7ULHVWHU\
7ZHHQ
fenne M
\_/\.‘&__N— _‘_/'\
16sDQ
& RRJL W

SHWHQWLRQ 7LPH PLQ |
I"#$%&() *+,-".10'12  A5'+62'.7%89/:8#%1/9'8;'28%&<":'=>??'@:8-AB'CDE'

F8%G":/H'98H880&/:&' @C5'I?AB'CDE'F8%G" BO&'&' @C5'I>AB'/HI'F8%G":/H'98H8
80&/:&K

n#!



"#$%& (&)*+,-*#.,*/0&/1&%+,%-+&*0&2/-%3*,&4566 &"07 & %$",%7&89&:*3,.-%+&.+*0;&

2<)& &

<=%3& >%3$",*A%&<:/.0,&/1&B+,%-+&*0&9C1"0,&?D @ &HE & 2%)
2/:=10%0 & >1& | 2/-%3*,&456& 89&F& 89&FB&
& ?*0@% 98<G&F&&
$%E&'()*+%,? " 0.11p!13."4! 5".65215.7 5.4/1213.5" 89 !
" -%,<- 1| 50.39 5"."51210.48 "6.632!/.04! 01.5&!5.08 07.43215.3#
9=,-%,< 03.37 06.55P!3.61 01.022!".40! "0.352!13.#" " 3#213.// !
><=,-%,4- 0".0#! 03.0#R!5.77 6.02!3.57 07.7®!3.40 O#.7#213.08
> 0<+,-%,&-| 01.389 6.07R210.47 3."31213.01 0.45213.74 3.442'3.08
97@@ 6./1! 01.3/'1215.74 AR AR AR

"#1




D 3ROVRUEDWH

)

D T T T T T

&+
EO 3ROVRUEDWH

a

% l

4

B

; j

LL

g . _=—-T_—_! . = D——_ .
F

6SDQ

&DUERQ &KDLQ /HQJWK
'HJUHH R

8 QVIDIWKXLUIR QT []

"H#E%&'() H+#,-&#.%-#/01/1112--3124#5!",-'&,1#016/73,/&.2-'189!:-/;<=16/73,/& .2-"!
8>1:?#557'<=1205@;20!89!:./--/?<!.2,'5l/0!1;'2A12&'211&/?!-B'|CDE!24&/,,1277"",-'&,!
4/?;/0'0-,1?'2,%&'5!#0!-B''FE Hal

"#1



"#$%& (§%0*+,-&.%/0,/1"23%8&42-43"*,/5&423%$6-%-&/%3,7%/8&9:;<=&./%3454,2&
9:;>7<=&"2- 8%$"*47%&/%5.,25%&&3}, @<&0,/&3,1.,2%2*5&

635)2%)37!

%&'%()(* | ! +*9%-./0%) | | 1%(%)2*)3! | 45)2*)3 4899 !
$%&'%()( 0-./0%) 0(%)2*) )2%) 6)*30)24)3
#>@E!B
<= #>?@AIB!I>H A"@#BI#F( C:@D!'B!'>0 CA@>!B!H:(
$%3)-5*! HHQE
| <=94 | #. @b #' @k ED@E E:@" #>Q#
==F! >@#A+Q;( #@CD+G;( >@#'+G!Q >@>C+G;( #@>"+Gl!I
<= HH HH HH HH A#@#!B!b
48 99!
<=94 | HH HH HH HH >@"
9IA: | <= ##>@D!BI#| ##.@>!B!>D| A>S@A!B!S( #D;@A!B!E!| HH
Y <=94 | #HE@: >>@E E>@C >D@D HH
OIA" | <= M@DIBI>#{ #>;@"'B'#0( :D@:'B!>?q "@E!B!>?€ HH
R <=94 | >SHD: #.@E E?@C EA@E HH
9%3J5*0(! <=1 HH D@7?'B!I>*( AC@#!BI#"| #>A@>!B!I>> HH
&%(%%/)B)! | <=94 | HH >SE@# #AQ@E #C@D HH

"#1



3. Elucidation of biotransformation products and kinetic
rates of surfactants from Corexit 9500 in seawater using
high -resolution mass spectrometry

3.1 Introduction
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AL 06806G960114)24%) %*-12312 @-<IF, *-#RB%)$960%/!'+'"+*1+5/)285-%-1231? @ H11%-!
[*4*0/%0'12014J91%20%71-)*01'+91,0/I' *$4*) '()*1,0/11%0%), */IK=1*-"*)-1 0/1?LM!
-2):%' 0<IN+*-*1:54)2/(7'-  1,)*1+04+85!.,*)1-28(:8*9! 8,70!,$4+%4-968%714)24%)'%*-1231,1
-()3,7',0'01, 0/1'+%)%:51/%-) (4'%011+*1/*-%)*/1-()3,7',0'14) 24*)'Y*-<  #E9BI* 0" 1%'|  Beril
$,/41-96$%8,)12:-%):,'%620-1,0/172))*8, */I'+*1+5/)285-%6-1),*1. 96"+ IK=17+,06018*01"+<! |
=02'+%)1/*1),/,'%2014,'+.,512317@-1%-1,('  2&%/,'%20!=('2&%/,'%20!1*0%),"*-I
4%)28%/*-"HSI1 %8+ % 7+1," 7013,"51,7%/-1,0/11*0%), *12&%/,'%201),0-32  )$,'%20!
4)2/(7™-91.+%T7+17+,01*+*12;) 881-' :%8%'51231?@!,0/18*,/1'21-*720/,)5!
[¥72$42-% '%20RM1=("28%/%G*/),*-| *)* | 77*8%),*/1:51PQ!I8%1+'914J912&51*09]0/!
w$4%), ()% 9l0/I'+*1:54)2/(7'-1,/;%)-*851,33*7'] AL 06806 BI*$(8-%635%0114) 24*) 09 -
0/1'28%7%'51231'+*1$%&' () P27 E=("  2&%/,'%206-1,14)%$,)517207%)0132)!(0-,'(), */!K=-9!
890*128*,'*-1,0/18%028*,'*-<IF)%*38591+5/)21*0!,:-'), 7'%201%-1960%'%b, */1'21 1*0%) 1'+
)*,7'%:*13)**1) /%7 ,819%0"*)$*/%, *O1. +967 +1), 4%/851)* 7'-1.9%6"+! 012&51*01'214)2/(7*!,!
4%)28581),/%7,8<IN+%-14*)28581),/%7,81,:-),7"-1,02'+*)1+5/)21*01'21720'%0(*1),/%7 8!

4)24,1,'%20<!RO!I?@!HI9!,('2&%/,'%20!/*1),/,'%20!.,-1-+2.0!'2132)$!2&2 @!O*'!
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HE%&(S) *+1,-'($ *+1./%H$%E& -, & ($ *10'1,21,3'4124#,1"),.2,14.22$!.51%68"%: 5'/%.8&S$!
%,:8.%.21'[1<12#12#,1=,2' % [%H$%E ($) *:&'>-31<,&,1.)3'1&,-'&2,%!2'14'&014.22$).51%)!
0,2#$)!,32,&3776!

@)2#'> #1H$%&)$3131./%!.>2'(1%.21'/"'41A:31#.31B, /1,(2,/31C,)  $!32>%1,3!
B,5.>3,'412#,1&!>3,11/11/%>32&1.)1-&'%>523!./%!-#.80.5,>215.)3+1),331131=/'</1. B'>212#,!
%,:8.%.21'/I'411/%1C1%>.)!5'0-/,/231'41A:31>/%,&!,/C1&'10,/2.)15'%121'/3+!
3-,51.))$11/13,.<.2,&61A&,C1'>310,2#'%31>3,%!5#.&.52,&13215!1'/14&.;0,/2312'1 1942149
3,&1,3!B.3,%!"/12#,|D@!,32,&61E,&,!<, >3, %#1:#1&,3)>21'/10.33!3-,52&'0,2&$ I<#15#!
5'0B1/,31#1;#!13,/3121C12$!<12#!.55>&.2,10.33!0,.3>&,0,/23!'4!11/%1C1%>.)!5'0-'>/%36!
F/12#131./.)$3131<,15#.&.52,&1G,%!0.H'&1%,&.%.21'/1-&'%>523!./%!=1/,2151%, ;& .%/21
&.2,3"'411'&,(121>/%,&!B1'215!./%!.B1'21513,.<.2,&!5'/%121'/31./%!,(.01/,%!2#,!,44 524!
2,0-,8.2>&,1'1%,:&.%.21'/1=1/,21536!F/1.%%121'/+1<,1,(.01/,%!2#,1%,&.%.21'/I'4!
5'0-'/,/21-)$3'&B.2,3!./%!5'0-.&,12#,1%,&.%.21'/1&.2,3!.1%!2&./34'&0.21"/!
-&'%>5236132,&1#$%8&')$3131<.312#,10.1/1-. 2#<. $14'81%,:8.%.21'/1>/%,&!B'2#1B1'215!./%!
B1'215!5'%121'/31./%!2#.212#, 1#,2,&";,/, 128 411'&,(121131&,4),52,%! 1/12#,1%,:&.%.21'/!
-&'5,3361K,!B,)1,C,12#.21.1B,22,&!1>/%,832.1%1/;I'412#,1328>52>&.,1./%!32.B1) 12$!'4!I'& 1
1/13,.<.2,& I<1))1#,)-1,)>51%.2,12#,1,/C1&/0,/2.)!  10-.52! ./%!-&'C1%,3!.33132./5,11/!

3,),521/;1.--&'-&1.2,13>&4.52./2314'&!>3,11/'1)13-1))1,0,&;,/5$!&,3-/3,6 !



3.2 Materials and Methods

3.2.1 Seawater collection

$%&'(&)!%*+&,!-&(+.!-&'1*%) ) +*(+/1&(1(0+! 23+."14) &, /'$%& (&) 56'+.38(%. 7!
814$59!'2(+18:;<=>7>@H#=B=@C+&.!(0+D+&EF%.(14,)+(1&GG.%H2I&(+) 7!:BI*|16+)%-!
(0+V'E.F&*+12,1J<"IK1&I6+.16%(()+<ID%(()+'1-+.+1.2,"+/1-2(01-&(+.1&,/\&*+ (%, +1G.2%.! (%!
'&IG)+1%06))+*(2%,<IC&(+.|LE&)2(TN+&E.+1+,('M!2,*E/2,N!(+|G+.&(E.+MIGOM!&,/1'&) 2,2(7!
-+.+1(&P+,/E.2,NI'&IG)2,NI&,/1/2"%)3+/!12,%.N&, 2*!,E(.2+,(1*%,*+,(.&(2%, M!
*0)%.%GO07)H%,*+,(.&(2%,M!6&*(+.2%G)&,P(%,M!&,/'GO7 (%G)&,P(%,!&6E /& *+'1-+ .+
[+*.26+/1G.+32%E") 7= 1&,/1.+G%.(+/!12,! RGG+,/2HR<><8%(&)!/2"%)3+/1%.N&,2*!*&.6%,!
8ST5$9!-&'II+&'E.+/1%,! S5% !-2(0'RUAKIRE(%'&IG)+.!8U02I&/(VE!$%.GM!WEEA,
U+&-&(+.1&IG)+'! -+.+I'(%.+/'&(X; @$'E,(2)FE.(0+.1&,&) 7'+'4
3.2.2 Chemicals and reagents

R))!'%)3+,('1-+.+!01K$IN .&/+!%.102NO+<I01K$!IN.&/+!1&11%,2EI1&*+(&(+! &.,/!
| +.*E.2*1*0)%.2/+!-+.+IGE.*0&'+/!F.%I!U2NI&!R)/.2*0!8 U(<!K%E2' MR, +&(!'(&,/&./!
%F!/2%*(7)!'%/2EI'E)F%'E**2,&(+!8T5UU9!-&'IGE.*0&'+/!F.%I!U2NI&!R)/.2*0!18U(<IK%E2'M!
Y59<!IK2LE2/"'(&,/&.I"%F!S-++,12BM!S- ++,1?2"MI&,/IUG&,! ?B!-+.+1%6(&2,+/!F.%I!U2NI&!
R)/.2*0'8U&2,('K%E2'M!Y59<!$%.+H2(!1Z"BB!-&'1%6(&2,+/'A8YKA0%)/2,N!$%IG&,7!

BA&G+.32))+MIKEIN+,+IS+F)UNLIN)+, 147+, IF)&P'BSO+.1%!U*2+,(2F28!! U&32))+H!
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$%&'($)*+,-1./$+(10,-,11+,$2,3!145!(%11,((/.  ,'0$&,-$231$1,&'2,1-/2(,(1&'1*-,.,2&!
1$--5'.,-6 !
3.2.3 Degradation of dispersants only in seawater
7$4'-$&'-51(1$+,14/'3,8-$3$&/'2!,9%,-/),2&(10,-,1*,-:"-),31'2!;'- 9/& <I=>1?7@<!
=>17"<I$23!(-4/&$2!)'2"+,$&, V2IA"@)+!"!B,$%:'-&!(,$0$&,-6!C/1-'1'()!,9*,-/  ),2&( !
0,-,11$--/,3'"%&!$&!. $-/'%(1&,)*,-$&%-,(1/2!D,:+'2:+$(E(6!D,:+2!:+$(E(10,-,!1+,$2,3!
0/&F!0$&,-1$23!$1,&'2,!1$2311$**,31*-/'-1&'1%(,6!D'1$11'%28&!:'-1$4/ &/ 11+'((<!(,$0$&,-!
0$(1$),23,3!10/&F  !"@*")!),-1%-/1!1F+'-/3, 1&'",2(%-,!(&,-/+,11'23/&/'2(\&F-'%8F %&!&F,!
,9*%,-1),2&6!DF,13/(*,-($2&!1'21,2&-$&/'210$(|A@**)<!OF/1F!/(11')*$-$4+,1&"|&F !
1'21,2&-$&/'21'4(,-.,31$&!&F |G, *0$&,-!H"-/1'210,++F,$3! I"#$19%6&IL+$(E(10,-,!
121%4$&,3!/21&-/*+11$&,!/2!$!3$+E1%4$& - (FSE ,-B&1'2(&$2&!&,)*,-$&%-,1 $23!-'&$&/2!
(*,,3""1A@ @'-*)6!G/(*,-($2&!3,8-$3$&/'2!10$(1)'2/&"-,3"".,-1.$-/'%(1&/),! *[2&(!
M4/'&/1NIG$5N!@<!@6J"<!@6"<!@6#"<!A<!I<IO<IK<IAO<IJA<!I?!$23!1$4/'&/1NI3$5(N! @<! @6"<!A<

(,$0%$&,-14+$2E10$( 1$2$+51,3!1$&!&F,14,8/22/28!$23!,23!":1,$1F!3,8-$3$&/'2!,9*,-/),2&6 !l

3.2.4 Sample Preparation

>'H/3IFFS(,1, 0&-$18&/210$(1*,-:-), 310/&FIR$&,-(1S$(/('H7B!1$-&-/38,( IMT11<!
"@@)8<!U@V)<!C/+:'-3<ICQBB!:+5<11$-&-/38,(10,-,1*-/),3<I(  $)*+, (10,-,1+'$3,3<1$23!
1$-&-/38,(10,-,! 3-/,31%23,-1.$1%%)6!DF,ID,:+'2!: +$(E(10,-,!-/2(,310/&F!$1,8'2,<1$23!

&F 1-12($&,D$(1&-$2(:,-,31:-')1&F, L +$(E(1$231%(, 318!, +96&, 1&F 11$-&-/38,(61>$)*+ (!
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$%&YE Yo+, 1%-./0+1%213'4+11015/%8&6(170%0+,178%%2*0.179: ;<=<9&%.(+'4,3,%2!4+]
"221@)10.%, (+4,84)%10+2!",(8%2!4-£EPABI3+,4)10+0)C'4'DI9&4(&!,(10+0)C'4'>1=21@)(E!%-,&0. !
$0'124)3,%2!4+1<#21@)!(E!IFIGB!1&02%!$0,%&!$4,/1"66()!066(+43610.%,0,%! 017 0%4))%-!
"22@)!9H1103,('068)%6&1*40)1IK+(-*4))%>I5LMD!5/%!8896808%2!"068)%!$0'10+0) CNY62!$4,/4+!
=0!/(3&'D!
3.2.5 UHPLC-HRMS
7068)%'P0)4Q3(,'1J=?@)M!$%&%!4+R%.,%2!$4,/10+1..96)0!S8%+! TR %&!
J5/%8&6(1HA'1%&17 4%+, 4E4.>170+1T('%>IBIMI(+, (101:4(+%#80) %!V 22 ?W7UFIGB!'C', %6!
%Q3488%2!$4,/10IFC8%&'4)!X () 4BY*%&'%218/0'%!.()36+1J<??!-1=D<!66>I<DY!@6!80&,4.)%!
'AN%Z!5/%&6(1HA'1%&!7.4%+ 4E4.>170+1T('%>!BIMD!B/&(60,(1&08/C!$0'18%& E (&6%2!0,/0?AB>!
E)($1&0,%!$0''%,!,(1"2?1@G[64+13'4+11016(\4)%!8/0'%!4+.)32+1!"| @]!066(+436!
0.%,0,%!4+1$0,%&!1JIMI0+2!"|@]!066(+43610.%,0,%!4+10.%, (+4,84)%! I"MD!5/%!1&024%+,!
8&(.%%2%210'E())($'_1/()210,1<? 3+,4)1<164+>18068!, (1YY M3'4+1101)%+9%6) V. (++%-!
18024%+,13+,4)1=2164+3,%'>1/()210,1Y Y A3+,4)1="164+>N0.a!",08&,4+11.(+24+10,1<? Al
J="D<!164+M!0+2!&%%Q34)4\&0,%!E(&!"164+3,%'D!
FOGB!.()36+1%)3%+,1$0''8)4, %, $%%-+!,/%!./0&1%210%&('()!2%,%. ,(&!IBI:M!
J:4(+%-1B(&(+0!U),&0!W7M!0+2! /%!G5b!S&\4,&08!c%)(160"1'8%. ,&(6%, YabI%&6 (!
HA'/%&17 4%+, 4E4. 5170+ T(%$BINEB))!".0+! 20,010.Q34'4,4(+10# 1=22=2272MI0+21<?2>277!

&%'()3,4(+'JHdF]!0,! !"# 10??M!3'4+118('4,4*%!0+2!+%10,4*%!%)%.,&('8&0C!4(+4N0,4(+!
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$&'()1F+,+1&'- &' | +.&'BIS+((1(-1,0%$',0112345346! 7+(1-'08%0$'&19(:.

19%<<:(:%.1:. &9/ &&: ((%ol:+,:%.12=>*618+:$". . +,:%.1(-/,  0+12?@AB"CC!DER3# |GCC6!8%0!
H'L,%-1,HO"I$%(, ., (- +I(16K (OL'&L:. 1 H'I89<<  [(J+.1(-/,0+1+,1.%60$+<:M'&!/%<<:(:%.!
110;119%8IN"OI7:, HIO+< |,:$'1-+J1+-'PI&",/,:%.1+.&1&1.+$:/I'P/<9(:%.)IQH'I=R*!

8:<,'017+(1(,!, %!CBL+(1-0'((90"1 7+(IN"I-(:.:,0%;".B  1'K9<:M'O!H'+,'01S"T=BI+.&!&+ +!

1%<</,:%.10+,'!+,]JUCIFMB!-%7'0!89./,:%.!(’,!,%!Uj!!

3.2.6 Kinetic analysis
QH'1&';0+&+,:%.1%8!/%$-%.".,(1%8!=%0'P:,!7'0"8:,,'&!,%!+!-('9&%!8:0(, 1 %60&'0!
$%&'<!
I"#$%&'() * +),-.#/)0&1-%)'1/.1)2&(.%&3)/.41$/$%&'()."#$%&' ()

[4]= [44] e
!

THO'! $1+.&1$w+0',H'I(9$$'&1+0'+1/%9.,1%681%. TH%$%<%:9'1('0:'(1%0!
1%$-%.".,17: H:.1=%0'P:, 1+,1,:$'B!  &/1+.&11:(1,H'1%K ('OL'&!-('9&% 18:0(,1%0& 010+,
1%.(,+.,12&+1'U6)IQH''88'/,19%68!,'$-'0+,90'1%.1, H'+K:%.,:/! H1&0%<1(:(10+, T+ (1$%&'<'&!
9(:.;1,H'IROOH".:9(I'W9+,:%.X !

I"#$%68" () 5+)6117.(&#-)."#$%&'()

] ] L,
.IJ][-'I'-'r.ln-.-.'.l = -'I--r‘![.-"t.: - ﬁ
!
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$96&'&1 #()*%0&I+)&'-&.1)&0.+ 12()*+'.&'1'3*&4+5)*35%16.37 BO:04()*06&!
2'&;0&54714+5)*35* &1()1*&</&'3*0'&16=0:1" (1()1*%6&!34*(-3*(+5!&5&'>71671L0@B5.1) 1()1*06&!

05(-&')3@!>3)!4+5)*35*6ABCSD! k=498

3.3 Results
3.3.1 Monitoring Transformation Products of Corexit with LC -MS

E(+*+35)2+'<3*(+5!+2IF+&G (*1$3)I<+5(*+'&.10) (5>1@(;0(.14%'+<3*+>'3/%7 1<3))!
)1&4% +<&*TBIH%&3)&! /&31!(5*&5) (*TIBEJKO'+<3*+>'3/%61 2+ IF+'&G (*1, 8&2+'&!35.132*&1
*35)2+'<3%(+5! 05.8'1, (+*(414+5.(*(+5)! ()1)%+$5!(5!L(>0'&!8D3BIM-&'3@ @N*%&!/'+2(@&!+2!
I'0*(5&IF+&G (*1$3)I<+'&4+</@&G*%35*%&!, (++35)2+'<&.1<(G*0'&!32*&'18D!.37) 1+2!
(540,3*(+5!6L(>0'&IEBN!*+/1*'3489BIH%&!"§8&/%3)&I60J91>'3. (&5*1) &/3'3%&) %6 &
4+</+585%) 14+ 2IF+&G (*(51+'.&'1+21(54'&3)(5>1%7. +/%+,(4(*TNI3)I'&/+'*&.1(5IF%3/*& P B!
E'(&2@7N!*%&!<3Q+'14%'+<3*+>'3/%(41283*0'&)!(5!/'()*(5&IF+ &G (*!(54@0.&.15+58)*&'(2(&..!
&*%+G7@3%&)1&@0%(5>!,&2+'&IR1<(50*&) NIEMIT(B>!3* RBPI<(50*&)N!<+5+&)*&") & @ 0*(5>!
&*$8&&5!AI35.18P1<(50*&)N!.(&)*&)|&@0*(5>1, &*$&&5!8P135.IP#1<(50*&)NI*(&)*&') | &@0*(5>!
&*$&&5IBAI35.IPPI<(50*&)N!35.1*&*'3&)*&1&@0*(5>132*& IPPI<(50*&)B!UI20 @ @!
4%3'34%&'(V3*(+5!1$3)1/&'2+'<&.I+5IF+&G(*.0'(5>!. &>'3.3%(+5!35.1312&3*0'&!.&*&4*(+5!
[@+12+1%0%8&1 (5(*(3@'4+</+) (*(+5!35.1%06&! (+*'35)2+'<&.1<(G*0'&!3'&!)%+$5! (5!6L (>0'&!

8D,N49BIHY6&! (FEHIB) (*(+5!+2IF+'&G (114+5*3(5&I<0@*(| @&)!)&'(&)!3) '&/+*&. 1 (51*%&!
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$96&'()*+!,-.$/8%60!-)1&'&%01/-&1,)2$)+(/()31)415  )%&6(/1.4/&%!(3,%7./()31)389!,)3/.(3&:!
1-813)3&+/8%%6(4(&:18/-)698.1&!,)2$)3&3/;!1
<-&I18)89+)%7./&!+&%6(&+18%%6&!.::(/()3.889! -.%. /&Y%(=&: *+(3>1/-&12&3:%(,@!2.++!
+,.8&;1<-&17&3:%(,@12.++1+,.8&!+ ¥+&:1/)1(:&3/(491-)2)8)>)*+1+&%(&+!,)3/.(3(3>1/-&!
+.28&1,)%&+06% [*%&).3:1:(44&%(3>179).1%8$&./(3>1*3(/;|ABL,)3/.@: 1&/-)698./&:1+&%(&+0!
1-(,-1%8$&./ &:179IBD 5D eF CI<-&1?&3:%(,@!2.++1+,.8(3>14.,/)%!1.4,.8,*8./&:1791/-&!
%./()1)41/-&13)2(3.812.++1)4! GD 5D &F QG(&;IHH;I1IY)!/-&1&6.,/12.++IG (;&;HH;IE"EJ;1<-(+!
+,. 8(314., %L +1 2% 8/($8(&:179V-&!)T+8%'8:12.++1)19(&8:1/-81283:%(,@!2.++!
5)2$)*3:+1/-./1-. ' &1/-&!+.2&1,-&2(,.8!7.,@7)3&! 7*/\:(44&% &:1791)3&1%&$&./(3>1*3(/!
- &8I+, 281283:%(,@12.++1.3:1:(44&%179!3)2(3.812. ++: 1K (>*06&IH#H: 08&I+-) 1&: 1/-&!
283:%(,@12.++1:&4&14)%!15)%&6(/ 78&4)%&).3:1.41&%!:8&>%.:./()3;1<&I%. &+ &Yo+!-.:1/-&!
-(>-&+/1283:%(,@'L.++1:&4&,/178&/1&&31;EM!.3:11;HO/%6(&+/&%+17&/1&&311;E".3:11;NIO!
(8+/&%+178&I1&&3I;##).3:11; E4012)3)&+/8&%+!7&/1&&3!1;1H!.3:11;#1.3:14(3.88/-)698./&+!
78&/1&&3;1#1.3:11 ;IN;IO31/-&17()/%.3+4)%28:12(6/*%&0!/-&!3)38&+/8&Y6(4(&:1&/-)698./&+!

18968&1/-&1)38919%&2.(3(3>!,)2$)3&3/;!

3.3.2 Degradation rate constants of Corexit

<-&12.(31:&>%.:./()3!$./-1.914)%!2.P)%!.3:12(3)%!$)89+)%7./&!+&%(&+!(3!
5)%&6(/!11.+17.+&),./.89=8:1-9:%)89+(+./ Y-&4.//91.,(:!,.%7)698./812)(&/9;1Q.%(./()3+!(3!

+1.7(8(/91/)1.%:1-9:%) 89+ (+! 1&%&!) 7+8%'&:14)%!:(448&%&3/!,)2$)3&3/+1)415)%6&6 (/1 4) %! 7) -
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$%6&! )S(HI+,-1+ ) B(*1$.&+$/&,$0112,-&.I' ) B(*1¥),-($(),0314) . &5($!&5% (' ($&-1+6/)0$!
*)/768$8&).8/)8+61)91$%&1::<1/))&0  $&.01=($%(,!1$%&I9(.0$#>19%)?.01+,-31%)/768$&!
&/)8+61)91-(80$8.03!$.(&0$.031+,-1$&$. +&0$&.01=($%(,| @>!-+A0112,-&.1+' () $(*1¥) -($(),03!$%&/!
&0$&.10&.(80!-&B.+-&-1/).&106)=6A31%)=&8&.31*)/76&$&!.&/)8+6!)91$%&!/),)&0$&.01=+0!
)'0&.8&-I"Al-+AI>11C%&!),6A1$.+,00)/+$(),'A7.)-2*$01$%+$!=&. &IB&, & +$&-1(,|&($%&.!
$.&+$/&,$!B.)?271=&.&1$%&! ), &0$&.(9(&-18&$%)5A6+$&011C%&19)./+$(),)9!,),&0$&. (9(&-!
&$%)5A6+$(),1(01),0(0$&,$!=($%!7.88()206A1.&7).$&-1-+$+19.)/1$%&1%A-.)6A0(01)9!: DIEF!
+ -1 DIfF] >e>3rey

<8&.+663!'()$(*1&B. +-+$(), |. +$&!%), 08+ $0=8.&19+0$&.13%+,13% &I+ ()$(*1%A-.)6A0(O!
+$81),0$+,$011J(B?.&! @KL3!+,-102//+.(M&-19).1+66!/+N).10&..(&0!(,|077&,- (5P 1#T B! +$&!
%),08+,$0!1=&.&1-&7&,-&,$ ) 1$%&!-&B.&&1)91&0$&. (9(*+$(),JE0$&.O1+$$&, 2+ $&-19+0$80$3!
=05(6&!-(&0$&.03!$.(80$&.03+,-1$&$.+&0$&.01%-+-10(/(6+.!. +$&01)91-&*)/ TJOHS,!
9)./+$(),.+$& 1¥),08+,$019).1$%&!8&$%)5A6+$&!1%)/7),&,$1=&. H-&68-1)8&.1$=)!  7%+0&3]
$%&19(.0$!=+0I SR} -&B.+-+$(),)9I$%&!/),)&0$&.0 1(,! $%&!9(.0$FE)?.03!1=06(6&I$%&!
0&*),-1=+0! $%&!/).&!B.+-2+6!-&B.+-+$(),1)9!$%&!6+.B&.|&0$&..!1%)/7),&,$0D' () $(*!
_&B.+-+$(),.+$&1%),05+,5019)66)=8-1+10(/(6+.17+$$&.,1=($%/),)&0$&.0!-&B . +-(,B!9(.0$3!
+,-1-(80$&.031$.(&0$&.03!+,-1$8$.+&0$&.017)00&00(, BIOBB&:I+$(), | +$&011J).18&5+/76&3!

$%&()S(*1-&B.+-+$(),1)91::<10).'($+,1)),) G6&+$&!14@EQ@L!0&. (&CH((EBIBO0$&. 1$%+,!
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$%&!"()*$)+1%,-.*/,0)01.'$&112/$%*34%I$%&! ()*$)+1-&4."-'$)*51.'$&1)016'0$&. 7! ()*$)+1/+00!
&8')501'18'9* 14%5$.)(3$)5416'+$*.I$*1$06&1 *:&.'//1-&4.'$)*51*6];* &<)$!)510&'='$&.11 |
>$1="01'/0*1*(0&..:&-13%'$10&.)&01=)$%!/*54&.1221+%")5018<%) () $&-16'0$&..!
-84.-'$)*5I'01+*8@".&-1$*10%* $&.1221+%")5071'010%*=5)5!$%&!+*8@'.)0*5*61A)5&$) +!
@/*$01)51?)43.&IB"117*.1&<'8 @/&7!CDE!0*.()$'5!8*5EBGHBI="018* &!.&+'/+)$.'5$!$*!
-&4.'-'$)*51$%'5ICDEI0*.()$'5!8*5*  EBIHBI!*.ICDEIO*.()$'5!8*5* EBJHB7!'5-ICDE!
0%.()$'5!8*5* FEGKHBI'$$&53'$&-1$%6&!6'0$80$!135-&.!(*$%!()*$)+I'5-I'()*$)+1+*5-)$)*501!
L'(/&!1163.$%8&.1+*8@".&0!$%&!.'$&016&'+$)*501*6ICDEI0*.()$'5!8* 5* &0$&.I*618*5*F
350'$3.'$&-12201)5!:*.&<)$117*.1&<'8 @/&7!CDEI0*.()$'5!8*5* FBGHB!&0$&.0!".&!E)BRO!
8*.&10$'(/&1$*1-84."-'$)*51$%'5ICDEI0*.()$'5!8*5*  FEBIHBI&0$&.07!)B&0!8*.&I0$'(/&!
$%'5!CDE!0*.()$'5!8*5* EBJHB!&0$&.07!'5-INSBIB&0!8* &10$'(/&!1$% '5ICDE!0*.()$'5 F
:GKHBI&0$&.011>$10%*3/-1(&!5*$8- 1A BI0$&.01+*8@.)0&! JJO*BI$%&I$*$/1+*8 @*0)$)*5!*6!
* 8<)$71$%&.86%.&I$%&!I+45S.)(35)*51*61$% &' /$&.5'3&18&0$&.01)018)5)8/I1$*1$%&1*:&. '/
-&4.-'$)*5I*BI* &<)$1! |
C*/,0%.($&!&0$&.01=)$%!0'$3.'$8-16'$$, I')-1$)/018&<%) () $&-1$%6&!4.&'$&0$10$'()/)$,!
$*="-01(*$%!()*-&4.-'$)*5!'5-1'()*$) +1%, - */,0)071'010&&5!)5!?)43.&IBP11Q5-&.1()*$) +!
++5-)$)*507ICDEIRGGSI0*.()$'5!8*5%/&'$&!'5-ICDEIRGGSI0*.()$'518*5*F)5+/&'$&.!". &!
+*8@/&$&/,"$$&53'$&-1(,IT' 1171%*=8:&.ICDE! RGGS!0*.()$'5!8*5F0$&".'$&!)0!@.&0&5S$!'$!

1*=1/&:&10135$)/1-'1BI1IL%&!.'$&!6*.ICDEI0*.()$'5!8*5* EBJHK!)0!11$)8&0!8*.&10$'(/&I$*!

"#1



$%&'($(*+,1)-(,))-%!.+,+  [01231I(;$L.+,+ [012341%5)%'56!(5!5-+7,1* 18(9:%!;<!=,$%'
(9%+)*>1>+ $*)*+ 561)-061-2%+:25*51'()%!*5'06(5%5! 7*)-1*, >'06(5* &1@()) ?! (>*$!A, 5)A'()*+,6!
@+'1%B(.C:%6!DEF!5+'9%)(,|.+,+/0123G*5! 1§H%5!.+'%!5)(9:%!)-(,IDEFI5+'9%)( !

A4 101234<18-%61(9%+)*>1-28+:25*51'()%65!('%!5* . *: (') +1)-+5%IC'%I*+A5: 21'%C+)%$! @-+'1)-%!
+:96()%!%5)9811%7*))1%) ! (€18-%65%! @*, $*, &5!5A&E&Y%5)!)- ()| C+:25+'9()%!5)(9*:*) ?1*5!
+$9%'()%$1921)-%!5()A'()*+,1+@1)-%! @ () 2 (>*$IA, $%6'19+)-19%+)*>1(, 1 (9*+)*>1>+ $*)*+ B<!

K, 1($$)+,61)-%1>+'061&'+ACI7 (5!(:5+1%B(.*, %$!@+'1)-%!*.C(>)!+,15)(9**) M*&A'%!
12NKIB-9%6!>+'061&'+ AGS!* *.(:1%.C(>)1+,1)-%!5) (9% *) 21+ @1)-%!. +:%>A:%<!=,$%'| (9*+)*>!
>+,$%)%+,561)-9%'%17 (5!, +1C'%@% %, )*(:1$%& ($()*+,19(5%$!+,1>+%61&'+AC<!=,$%'19*+)*>1
>+,$%)%+,561)-%!DEFIL1INI5+9%)(,1$8123117(5!+,:?11<Q)*.%5!.+'%!5)(9:%)-(, 'DEFIL1IN!
$*+:9%()%!(,$!DEALLLINI*5+5+'9*$%1$%+:%6()%6! (5!$%) (*:%$!*,18(9:%!"<I8-%!*.C(>)1+@!)-%!>+%!
&'+AC!H,1$%& ($()*+,!-(5!,+)19%%, 17%::I5) A$*%6$!* 1)-0b*)%' () A'%!) +1$() %4<!

8-9%!,+,965)%"* @*%$19%6)-+B? GBI %!%B (. *, %$! @-EF I>-(*,1:%,&)-!
$*5)*9A)*+1(,$!'%6: ()*1%!(9A,$(,>%!9 ?1&%,%'()*,&IPKO!(>'+551)-%!-+.+:+&I5%*065! @+']
DEQILM*&A'%6!1 RINEFI*5+5+'0*$IM*&A'%! LRS! DEFI5+9%)(, ILM*&A'%6!1IR>N!+1%')-%!
SA'(*+, 1+@!)-%!*, >A9()*+ <K, 1)-%! @*'5) A A'51)-%'%1 7 (51(1. (S+1*,>'%(5%!* 1(9A,$(,>%!
79-1(0.5, #1545 @) 1 IEFI$S*5)*0A  )*+,<IT@)%')-%!@*F)4H'561)-%!(9A,$(,>%!+@!)-%!
+,%5)%"* @*%$1%)-+B B> % (5%$!5:*&-):26!(,$!)-%!(1%' (&Y6! EF1>-(*,1:%,&)-1$%>'% (5%S!

972111A,%)1@+1DEQ!(,$!DEFI*5+5+'9*$%6617-*:%! (W' (&% EF!>-(*,1:%,&)-! @+ DEF!
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$%6&'()*+],-.&-*$-,1/&%01 1#23)%! 1 12145($I$5(/)!($16(7-681,9-1)%1)5-1$6%6:1,-1&*,*) (Y%o+1%/!
)5-15(;5-& D6&,-&1)&(-$)-&$I*+,1)-)&*-$)-&$=1:5(.5!5% I$5%8&)-&!1>?!5*(+16-+;)5$2145
Bt (1994 5+ - 16/1@>21$%& ()*+1$-&(-$!:*$1)5-1A&%,9.)1%/!)5-1-$)-&158,&%68%$($!%/!
)5-1$9&/*.)*+)$ 245-1%'$-&B*) (% 1%/1)5-1+%+-$)-&(/(-, 1-) 5% C86*)-1$-&(-$!($1/98) 5-&!-B(,-+.-!
1%8&1)5-1-$)-&158,&%68%$($!,-;&* *)(%+A*)5:*8IDE(;9&-IF G, H2!

1%)-$1-) 162911, -0%6+$)&*)-,1)5*) | @K! L3!:*$1$9%$.-A) ('6-1)%!*.(, 1%+, I*$-1 *)*68 M-
58,8%668$($!*+, I *SIANIE+,1)-0A-&*)9&-!,-A-+,-+)2145-1 -:&* *)(%+10-.5*+($0!
(+B%6B-$1)5-1&-*.) (%+!%/1)5-1+9.6-%A5(6(.158,&%6C(,-1(%+!%)1)5-1. *&'%+86!.*&'%o+1)%!/%&0!*]
)-)&*5- &*61(+)-&0-,(*)-=1:5(.5!,-. %0A%S$-$!)%!  /%&0!)5-1/%))8I*.(,1*+,1)5-I@>?1$%& " ()*+2!
O+,-&1$-*:%)-&1. %+, ()(%+$=1)5-1/%&0*) (%o +1%/1+-:1%C(, (M-, 1$-&(-$!:*$1+%6)1%'$-&B-,
5(.51-6(0(+)-,1%9)%  Q6C(,*)(%o+*$IIA%SS('6-1&-*.)(%o+10-.55+($02!P+1*, () (%o+=!
)&*+$(-+)1A&Y,9.) (%o+%/1(+)-&0-, (*)-IA&,9.)$! *$1*6B61+06)1%6'$-&B-, 21Q6)5%9;5)5-I-C*.)!
&-*$%+$I*&-19+.6-*&5[BI0*8I'-19-1)%!, (//-&~+.-I(+10(-66-]  $)*(6()8!%/!)5-I@KI(+!
$*%)-& =IEN5-L (/-8 .- (+],-8* ¥) (%o+1&)-1. %o+ $)*+)$I'):-+1)5-10%+06%66-*)-1*+,
)5-1,(%66-*)-$1($1%1;&-*)-&!1)5-+*11 49661 - &-*$-1 )5*)1.%96, I'-1-CAG*(+-,I'81)5-1+90'-&1%/!
EQ$!-RI(B*6-+)$2

2B-&*66=B1&* ) (%o+I&*)-$1:-&-1,-A-t -+)1%+1)5-1490'-&1%/1-$)-&!0%(-)(-$  =IEQ!
B*(+16-4) 5=+, 1$%)98*) (Yo +=1'0) 1:-&-1496) ], -A-+ -+)1%6+1)5-1 %6&-1; &Y% OA=1%6&!> 21 5*(+!

B-+:)5 245-1,-:&--19%6/1-$)-&(/(.*)(% +15* 1)5-10%$)I$(;+(/(.*+)!-//-.)1%+1)5-1$)* (6()8!%/1)5-!
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#3%&SH'()$1*+*$#,$%&-&9.1$,)+/012,$1#$%&$#!3$%8$!,)$!+*10!,%2*#-+%42,&+*15%+.67 ,#!
8%*$%2,$.16*.$%!, ) $HP! 7+*. &, &+*#'1()$!1296*.2*7$!+-1$,)+/012,$.1#$%&P#! &#!5%+91$42,& 7!
-+%!,)$!6,&1&,0!+-1:+%$/&, RBAL +1*+,17+* 2&*1)$1#6%-27,2*,15%+5$%, &$#12*.12%$!6*291$!

,H-+%414&87$1 1S4

3.3.3 Effect of t emperature on hydrolysis of Corexit

($45%$%2,6%$121#+1&*7%$2#3.1,)$!29&+,&7!)0.%+ 1 O#H&H# ! &5 &S/ &,12* 1%$12,$.!
5+10#+%92,$#!<=&86UBt+%!&*#,2*7$$1) 21- BL&-$!+-ICDE#+%9&,2* 14 B $2, $!
$7%$2#3.1-%+41?2'FGL.20#12,IH?1:1,+1?2'321.20#12,1321:'1()$!%2,$!+-1)0.%+ 10#&#!12,13?1:132#!
255%+/&42,$10!H™!,+1J'K!,&4$#!,)$1%2,$!12,IH?|: Al#688%#,&*8!1214+.$%2,$!,$45$%2,6%$
B55*.$*,15%+7S##'1()$!.$8%2.2,&+*1%02, $#-1$27)142L +%!#$%&$#!3$%$!4+.$1$.19012*]
M%%)$*&6#!%$12,&+*#)&5!<M55%$*.&/!([RBA@'IM7,&N 2, &+*1$*$% 8@EIW2*8$.1-%+4!H'I>!
<CDE!O#+#+%9&.$!:HKP?@!,+!QG"?KI<CDE!R+%9&,2*!: HKP:I@ ) H Ukt $#,$%0 1 #$%0 & $#A!
-%+4'H'>Q!<CDEB&KP?@!,+!T'Q>!<CDBH&P>@!;S!4+1%!,)$!.&$#,$% 1 #$%&$#AI2* . IH'FJI!
<CDE!,%B&KP?@!,+!G'GQ!<CIHHRA @!;S! A4 %!,)$!,%&$#,5%1#$%&S# 1US*$%2110A!,)$#$%&S#
7+*,28&*&*81#,$2%2,$!<:HKP? @ !$#,$%!7)2&*#!)2.11+3$%!27,&N2,&+*!1$*$%80!,) 2*1#$% & $#!3&,)!
+1$2,$!<HKPH@!+%! 1&I<1HIP5 @ $#,$%!7) 2&*#' V27 ,&+*#1,) 2,1) 2N $! 1 H2$8BIDSH##!
#E*HE&,ENS!, +!,$453%2,6%$!7)2*8S#'1 () &#!1&#19$*$-& 7 &2,&+*1-+%!:+%$/&,16#28%!&*!,)$!

$*N&Yo+*4$* 21A12#1)$!. &B#, $%H#A!, % &$S#, $U#AI2* .|, $,%2$#,$%#!3&11!1*+,12,,$*62,$!4+%$!%25&. 1



$%& (1) (+'(1,-%&./.-%0  1*06&!).1112'1%21'1/-1&.03'(0'/4",($&"1-. 115-(1*11-%6'(!3'(.-&!
3(.-(1/-1$%&'(6-.96!47&(-170.08!
9*/'l,-9%0/*%/01*%&1*,/.:*/.-%!'%'(6.'01)'(1*111,*1,$1*/'&12*0'&!-%!/41&'6("!-5!
'0/'(.5.,*1.-%!;<*21'1=>81<-1/4' 12'0/1-5!-$(1?%-)1'&6'@'A ~4*0!-%1712"%!('3-( /'&!5-(!/-/*1!
BC@!*%&!4*01%-/12"%!&'/' (+.9%'&!-%!*13'(10'(.'0!-(13'('0/'(12*0.08!D%&'(1/4'0"!
-%8&./.-%0@'A5!/4"1+-%-'0/'(0!0'(.'0L.%!E-('F./")'("15-$%&1/-12'1,-+3*(*21'/-IGH!?I!
+-1 X('3-(/'&!5-(147&(-170.0!(*/1-5!BC=L1.%!*M$'-$010-1$/.-%@™M)4.1'1/4'1A  -0I5-("'0/'(!
-+3-%'%/0!)'("1+$,4!1-)'(8! !
3.3.4 Comparison to Polysorbate mixtures
0'6(*&*/.-% !0/$&.'0!-5!BC!=L@!BC!=P@"*%&!0-(2./*%!+-%--J'¢I'" 3'(5-(+'&!*/!
NLQESII2 -&'6(*&*/.-%! *%&*2.-/.,1478(-170.0!(*/'0! 5-("*111&'/',/'&!3-170-(2*/10'(.'0!
(' 0$++*(.R'&1.%!S.6$(INKI*%&!('3-(/'&!.%! T33'%&.FI<*21'08 T8IG@!H@!P8!C.+.1*(!/-1/4'!
&'6(*&*/.-%!-5'E-( 'F./@!/4'BAU+-%-'0/'(0! .%!/4'13-170-(2*/'0)'(""*/  ['%$*/'&!)./4.%!
/4'5.(0/'H=14-$(0@")4.1'/4"1&.J@ /@ *%&/'/30/' (0! )'("1+-("1(,*1,./(*%/ 8k4'('*0!
-%17101.64/16(-)/4!-51%-%'/4-F71*/'&!"|4-F71*/'012'6.%%.%6!*5/'(\NHH-$(0!-5!.%,$2*/.-%@!
4-)" (VA IA-FT71*'0V('+*.%'&!3('0'%/\/4(-$64-$/1/4'. %, $2*/.-%10$66'0/.%6"0/'(!
47&(-170.01*01/4"1+* %] (-$/'1-5!&'6(*&*/.-%8!V-:"11/(*%05-(+*/.-%!3(-&$,/0")'("1%-/!
&I ' &% %713-.%/1&$(.%661/4'.%,$2*/.-%10$66'0/.%61/4*/\-F.&*/.:'1&'6(*&*/.-%!&.&!

%-/1-, $(8! !
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$%&I ()& 1+,-*)(-)*], . 1/&O'(/(1,-11-12,)%1)%&!I (2 1,)1+!(-/121,)1+1)'&()3&-)!
0',45*16&'&I*7,6&'11-1)%&I5,78% '2()&1*4".(+)(-)*)% (-1 %&' ()&!+,-*)(-)*!.,19,'&:1);!
9,'&:1)1+,-)(1-*1710%)19%8/"+(2,-1/1*) 177 ()&*(-/'<=>?@!6%1+%!('&!* 7TA&-)*(//&/!),!
3,/1.8)%&I/1*58*(-)IAL*+,*1)8@*4'.(+&1)&-*1,-@!(-/1),! *, 7421 71B&!)%&!*4" .(+)(-1*;
$%&'&.,'&@!9,'&:1)1%(*1(1%10%& 1+ 1)1 +(7!131+&77&!+,-+&-)'()1,- ' DIEIFIDG G; HIBRIIF
5,78%'2()&*1%(A&!7,6&'19EQ*I(-/1.,'313,'&1¥)(27&!I31+&7T7&*11-16()& X!

L,'21)( -13,-,,70& DL5(-'#MF1%(/!)%&!*7,6&*)/&0'(/()1,-I')&*!,.1) %&!
5,78%'20&*IL,21)(-13,-,, 70 &/, &*1- ) 1+,-)(1-1(-1&) %, :87 () &/ + % (1-1(-/") %&'&., &I 1*!
7&**1968/' 5%171+1)%(-1)%&!&)%,:87()&/!5,78*,'2()&!31:)4'&*:1L,'21)(-13,-,, 7&()&!1*1 - 78!
5()1(778!%,7427&-16()&'|(-/@!(++,/1-01),1(1*)4/8128IN(1)I&)!I(7 ¥ @Y,&*!-,)1.,'31-,'3(7!
31+&77&%1$%&!*7,6!/&0'(/()1,-I'()&*13(81*1357812&1/4&1),11-* 742171)81,"1* '5)1,-1, .1)%&!
+,35,4-/1),1)%&!1.7(*0;! !

PA&(77@"*1317(H.,'30)1,-15' /4+)16& &!/&)&+)&/11-19,'&:1)|(-1QL*@!
%,68&A& @!/&0'(/()1,-101-&)1+*16&'&I*7,6&'].,)%&IQL!31:)4'&*I5 **127812&+(4*&19,'&:1)!
+,35,-&-)*16&'&!13, &I/1*5& *&/NA&1),N%&I(//1)1,-], 1% TA&-)*16%1+%61/&+ &(*&!) %&!

AL*+ *1)8I(-/11-+&(*&!)%&IOEQ ;11

3.4 Conclusions
R-/&*)(-/1-0)%&!01-&)1+!I"()&*I(-/1)'(-*.,'3()1,-5',/4+)*1,.19,'&:1)!1-!

*&(6()&11*1(-1135,")(-)!3&(*4'&)),6('/1/&A&7,51-01(-/1135', A1-0!,171*5177!
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$96&'()&*+,&-1.(,1+0110%2%, ($1%-+3/)2* Y6/ +1/+1%+$%4%$5+016/2'/+(+,&1/317/) (BYE,!
*4+0/6080(:1;<%0(!, <(12*%+13/6581%&1/+1950=16<*)*6,()%&, %6&!0%=(17>7:1? @A:1*+$1950=!
&/059%0%,11/3!,<(1%+%,%*013/)250* %/+-1B+$()&, *+$%+C!,<(13*6,/)&!,<*,16/+,)/0!, <(!
$(C)*$*,%/+1)*,(1/31%+$%4%$5+01&() %(&!%&!6)56%6+0!3/)|(4*05* %+C1 < (1(+4%)/+2(+,*013*,(1*+$!
%2'%6, 1/317/)(8%,-!
D16/2')(<(+&%A4(I*++01896&1%+!, < (I (&(+,1&,5$11&</;($!,<*,1*9%/, %6 (&, ()!
<1$)/01&%&!;*&!, <(12*%+12(6<*+%&2&/31B(C)*$* %/ +1*+$I0(*$!,/1,<(13/)2* %/ +1/3!
+1+(8&,()%3%($!(,</810%,(&-171$)/01&%& /3!, <(12/+/(&, ():1$%6(&, ():1,) %(&, ():*+$1,(,)*(&, ()!
6/2'/+(+,&I*+$13/) 2% %6/+1/31(,</810*, (1&() % (& $% 2%+ %6 &<(&!,<(1&5)3*6,*+,1)/'(), %(&!/3!
71)(8%,:1)(+$()%+C1%, I5+*90(1,/1*6, I*&I*1$%& () &*+,-IE<(12(6<*+%6&2!/3I$(C)*$*,%/+1%&!
6/+,)/00($19119*&(1<1$)/01896&1/3!,<(1(&,()!6*)9/1019(,; ((+!,<(IFG!6<* %+ *+$!, <(13*,,1!
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4. Degradation of Corexit 9500 and Alaskan North Slope
crude oi | in Arctic seawater at 4;C

4.1 Introduction

As oil and gas industries continue to explore offshore in the Arctic, it is crucial to
understand the potential environmental impact of an accidental oil release in order to
mitigate future risks. One of the current emergency response actions after an oil spill
involves the use of chemical dispersants, like Corexit® 9500 (Corexit), to accelerate crude
oil dispersion in the water column and mitigate the long-term persistence of oil slicks
after a spill.* The most public use of Corexit was during the Deepwater Horizon cleanup
to disperse Louisiana Sweet Crude, but it has also been shown to be effective at
dispersing Alaska North Slope (ANS) crude 0il” in a wave tank at low temperature.” In
order to understand the fate of dispersed oil in the Arctic, one must first understand the
kinetic rates and fate of not only the dispersed oil, but also the dispersants. Corexit has
been widely used recently because it has low toxicity and is an effective dispersant for a
variety of crude oils;”*8 however, such results raise questions about its fate and
biodegradability after application.

Studies have shown the effects of dispersed oil degradation in the Arctic and at
low temperatures using Corexit 9527428 and 9500,%-%2 however, not much is known
about the persistence of either formulation when it interacts with crude oil in the marine

environment. Campo et al.® assessed the biodegradation of one component of Corexit,

80



$96&'()*1+,*-&+,"%./(011234456/(1789!/.$1:7891%.1(;0!<=0+0.'0!/.$!/>+0.'01&-1$%+<0=+0$!
4&,(;128,%+%1./'=,$01&%*114?295!,+%.@!&%*1$0@=/$%.@!",*(,=0+!-=&Al(;0!B, *-1&-|COD%'&E!
FO+,*(+19.$%'/(0$!(;/(1(;01+,=-/'01' *(,=0+11:7895!'&A<*0(0%)!$ 0@=/$0$!23446!G%(;%.!"!

1. $1#HI$/)+61%.1(;01<=0+0.'0!/.$!/>+0.'0!&-14796!=0+<0'(%I0*)ECO/.G ;%*B+ >+ =-/'0!

' *(,=0+1178951A0(/>&*%J0$123441/(/IA,';1+*&G0=1=/(01G%(;!&.*)|K#LI=0A&I /*Y/-(0=IH:!
$/)+1%.1(;01<=0+0.'01&-14?9BM&G010=6!23441& *)!'&A<=%%+0+ HBRN.IGQG!&-19&=0D%(6!
1.$1(;0!-/(01&-1(;01.&.%&.%''&A<&.0.(+1&-198&=0D%(!;/+!)0(!(&!>0!";/=/'(0=%JOSE!

R*(;& @;198&=0D%(1%+!G%$0*)!, +0$!/.$!+(&'S<%*0$!/=&,.$!(;0! G&EHE6=0!
=0A/%.+*%A%(0$1%.-&=A/(%&.1/>&,(1(;0.&.%&. %' &A<&..0.(1&-19&=0D%(!%.!(;0!<=0+0.'0!
1.$1/>+0.'01&-1'=, $018I6*EIV: %o+ 1+(,$) %A+ (&!/++0++1(:01>%&$0@=/$/(%&..|&-19&=0D%(1G%(:!
1.$1G%(;&,(IRWA/(10.1%=8&.A0.(/**)1=0*01/.('&.'0.(=/(%&.+E!C,1&-1(;01<=01%&,  +!
G&=S!-&',+0$!&.1&%*1$0@=/$/(%&.1=/(01/.$!1<=&S$,'(+1/(I'&*$!(0A<0=/(,=0+1>,($&0+.&(!

'8, +%$0=1(;01S%. 0(%'+1/.$1-/(018&-1(:0!$%-+<0=+/.(1%(YOBIEL=0.( 1+(,$)IA0/+,=0$!(;0!
>0&$0@=/$/(%&.1/.$!/>%&(%'1$0@=/$/(%&.1&-19&=0D%(1%.!(;01G/(0=""8* A.EIR="(0=D/G
G/+1'&*0'(0$!-=&AI(;019;,S";%!40/!/.$1G/+!/A0.$0$!G%(;+*%@;(*)!0.;/.'08!.,(=%0. (!
*010*+E!X%&$0@=/$/(%&.!/.$1/>%E&(%'1$0@=/$/(%&..|&-198&=0D%(IGO=0!A0/+,=0$!,D%.@';%@;

=0+&*,(%&.|A/++1+<0'(=&A0(J)E

"#1



4.2 Materials and Methods
4.2.1 Sample Collection
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&+%*)$%25 ONIIKLM!1$*6! 22> A+,2B$*)%5!DI1 22> IEFG1&,'52!+$4/17,$?74$&)*2! (+**42.!
12,21.%$,,25!8+%*$%'+'.4-11$*6!)17284+%! .*$,1(),/1 7$>212+$%*.112,21%) Q2046!5- . !I=!D=INI=!
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4.2.5 Corexit analysis

$%6&'Y!('1) *&+!,-)/1/0(%. 1(&'231).4,*/15'((*/)16/%/1)*'6*71+/8%")(/+).2+15%'9:-(!
(1#<=>12"8+1 - )/1/0(%.1(&'216.)!,/%8'%4/+16&(-| @AB!1.%(%&+:/)|CD!113!E8:3IGFH43!
18+8'%+311JK19)&2:1.1/('2/1.)I(-/1/*9/2(>1LO(%.1()16/%/1) (%l +1&2!. 1/('2&(%&*1.(I  NNF<=!
92(&*1.2.%7)&)>1L0(%.1()!6/%/1+&*9(/+|OF01&2('16.(/%!6&(-|E144'+1.44'28941.1/(.(/'&2!
2.P&**/0IEFFIHAI$QJL.O().4,*/%!P&.*) ICR2'0P&**/3ISTK> @&:-1,/%8'%64.21/1*&U9&+!
1-%'4.(:%.,-7IC@$A=K!6.)!,/%8'%4/+ "2 EIH*I571.I@7 /%) &* IV *+1=#1%/P/%)/+! - )/}
1+9421CO>WIH43INFFIOIN>0!4431S-/%4'1Q&)-/%1?1&/2(&8&13!?.2!X')/31=JK!.)!, %/P&'9)*7!
+/)1%&5/+>131-1.([+1/*11(%"),%.71&'2&Y .(&21CL?ZK!6.)!" /%. (/+1&2!,) &(&P/1&'2&Y .(&'2!
A'+/> 1Z'2)16/%/1+/(/1(/+19)&2:1.21[%5&(.,|Q9)&'2IA94")ICS-/%A4'1Q&)-/%!?1&/2(&8&13!?2.2!
X')/31=JK>1Q9**1)1.214.))1),/1(%.16/%/!. 1U9&%/+!.(IN#F3FFF1%/)*9(&'2!CQ\@I!.(1"# INFFK!
'P/%!.1%.2:/I'8IOEFNFFR# 16&(-1LJ?] M=18&2(/%2.%11.*&5%.2(>! @&:-1%/)*9(&'2!1?N!6/%/!
1%%/1(/+!. (| OE3FFF1%/)*9(&'219)&2:1-&:-1/2/%: 711"**&)&'21+&))' 1&.(& 2! C@="K!.(I#E!_1OF !
2'%64 *&Y/[+11%%&)&'21/2/%: 7>1.))1),/1(%.16/%/1.2 XTY/+1.)1, %/P&'9)*71%/,'%(j+>! |

4.3 Results:

4.3.1 Distribution and partitioning of Corexit

S-/1,.%(&(&'282:1.2+1+ &) (%&59(&'2!'81="06/0&(16.)1.))/))/+18%'41(-/1)95).4, *&2:!
1.9%5'7)1(1+/(/%A&2/\(-/1&28*9/21/'811%9+/I'&*1'21(-/18.(/1'81="%/0&(>\-/21="%/0&(!

12(/%)!.21.U9/'9)1/2P&%'24/2(3!(-/1)9%8.1(.2(11'4,'2/2()14'P/1 ('} (-/'&2(/%8.1/) 3
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which include the air-water interface (surface effect), the oil-water interface, or the solid-
water interface (bottle effect). In addition Corexit can partition into the oil phase, the
aqueous phase, or an oil-water emulsion phase.® The subsampling carboys were
sampled from the middle of the water layer to assess the partitioning of dissolved
Corexit.

As previously reported, Corexit was categorized into six components based on
degree of esterification; they include nonesterified compounds, DOSS, monoesters,
diesters, triesters, and tetraesters. Raw area counts were averaged between triplicate
samples for each ethoxymer to determine the partitioning of surfactants with dissolved
crude oil. Ethoxymer (EO) chain length distribution was not dependent on the presence
of crude oil, however, the recovery of the component varied in the presence and absence
of crude oil, as shown in Figure 22. The Corexit only treatments had lower recoveries for
each component than the crude oil and Corexit treatments. Table 8 shows the total area,
percent recovery and fraction of the total peak area of Corexit by ester component for all
treatments. In the Corexit only treatment, polyethoxylated (PEO) sorbitans had only an
8.6% recovery (%R). PEO sorbitan monooleate (63%R), PEO sorbitan PEO sorbitan
trioleate (47%R), and PEO sorbitan tetraoleate (63%R) were also lower than expected.
However, in the crude oil and Corexit treatment, PEO sorbitan had a 12.5%R, while the

other component recoveries ranged from 105-155%R. The low recovery of Corexit
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component in the Corexit only treatment is likely caused by the propensity of the
surfactants to migrate to the air-water interface and to not dissolve in the aqueous phase.
The Corexit and crude oil treatment had higher recoveries of each component of Corexit.
The surfactants encapsulate dispersed oil and entrain them in the water column, making
surfactants and crude oil compounds more prevalent in the water column.?

In some cases, the recovery is much greater than expected, such as with PEO
sorbitan monooleate (219%R) and PEO sorbitan dioleate (169%R). This is due to the
prevalence of surfactants associated with crude oil droplets in the water column. The
occurrence of dissolved ethoxylates and monoesters was most affected by presence of
crude oil. Ethoxylates had 1.4-times more signal intensity and monoesters 2.1-times
more intensity in the presence of crude, while diesters, triestesters and tetraesters only
had 1.08-1.22-times more signal intensity in the presence of crude oil. The EO chain
length did not affect the partitioning of Corexit in the system.

The partitioning of Corexit has implication into fate and persistence. Corexit and
dispersed oil that is entrained in the water column would be more available to
biodegradation, while Corexit components that remain at the air-water interface or sorb
to surfaces (i.e. soil/sediments) will be less available to degradation. Overall, crude oil

facilitates the dissolution of Corexit in the water column, leading to higher recoveries.
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4.3.2 Degradation of Corexit in the presence and absence of crude oll

$9%6&L()*+(,-*(./1.01 &*%.1238&+14.35./&/%)(/16.+&1(*178)*+849&1.:&+*%&!
(14-,8*(/18/' 0 &L; <1 ()*+(,-*(/1.01).+,(*8/1.=&8*&)18+&1)%.7/18*1'82) 1> @218/ 1A> (/!
B(C-+&!DEF!<:&+8==21*06&!5+&)&/4&!.0\GHI!.(='(')/.*18008&4**06&!: <" ()*+(,-*(./1.016. + &1 (*
8*1'(008&+&/*I*(3&15.(/*) 219%6.78:&+718)1+&5.+*&'18,.:&?1*% &I (/(*(8=!8,-/'8/4&!.016.+&1(*!(/!
*0p&18J-&.-)|=828+18)17&==18)*06&1+8*&)!.0I'&C+8'8*(./|8+&!8008&4*&'FIG*'82! @ ?1*%6&!
3./.8)*&+)1%8'14.35=8*&=21'&C+8'&'I(/!, *%!, (.*(41*+&8*3&/*)IK).=('I5.(/*)L!8/'18*1'82!
A>T (&)*&+) PIHERRE) P18/ 1%+ +8&)*&+)I T &+&18=) . 1+&3.: &L -*1*068+&1()1/.1) % (0 (/1;<!
O*+(,-*(IFI$%&IM; <)+, (*8/1)&+(&)IC+&T1(/13.)*1-(49=21 (/"% &I 4+-'&).(=18/16.+&1 (*!
*4&8*3&IFFIN/S" (*(/21*06&+&!1()181) %60 (/1; <1 ()*+(,-*(./'8) *%6&! (00&+&/*1&)*&+!
4.35./&1%)'&C+8 &% IC&I&+B*&IM;<!).+,(*8/1(/!, *%!8, (.*(418/'],(*(41*+&8*3&/*)F!
$%6&1)%(0*,&483&13.+&!5+./.-/4&", 2821 ASFI$U%&IS, (. *(4!1*+&8*3&/*)IK.5&/15.(/*)L1%8'!
3(/(38=14%8/C&!(/!8,-/'8/4&18/')/.1'(00&+&/A&) (/1;<!" ()*+(,-*(/F! !

O&C+8'8*(/1+8%&)!.016.+&1(*14.35./& [*)I(/*0%&I5+&)&/4&18/'18,)&/A&! 014+-'&]
(2178+&18))8))&'FI$%&! (' &C+8'8*(./1+8*814.&00(4(&/*)1 7&+&148=4-=8%&'10.+1&84%!) &+(&)!
'8*&A*&'FIG=*%.-CY%!6.+&1(*1()!81%&*&+.C&/&.-)I3(1*-+&!.01)-+084*8/*/958)! &&/1)%.7/!
5+&:(.-)=21%%68*14%8(/1=8&/C*%?1)8*-+&P(8/'14.+&IC+.-5!%8:&!=(3(*&'1&00&4*)!. /1% &!
'8 C+8'8%(./1+8*&?18/'1*06&138(/(/0=-&/4&)./*% &) &C+8'8*(./1+8*&)!78)1*%&!'&C+&&!.0!
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HSY%8& 1% (1) +&, (HS(+ B! | ('&0!12%*&3'$415)60&1789:812+!%-&;$(,+0<!-&*(-%6&'=1%>&!
(30<!1(6+8&-;&'1%-) 3+#(-/)%$(31*-(', 2%+ @ &-&1%>&IABC!3(3&+%&-$H$&'1+&-$&+D&3&-) %&]
%>-(, D>1&+%&-1><'-(0<+$+!(#1%>&1?)-6(3<0!0$3E) D&!6&% @ &&31%>&#)%%<!) 2$')3'1%>&IBC!
2>)$381C;&-)00=1%>&!'&D-))%$(3! ((4F4$%!(272,--&'1/(-&!-)*$'0<!,3'&-16$(%$?!2(3'$%$(3+!
)31$3196>&1*-8&+&3?&!(#17-,'§B0ILF$D, -&!GH:8!
5>&IABCI3(3&+%&-$H#$& 1+8&-$&+ @ &-&IDE&3&-)%&'1$31)16$*>) +$21*-(2&++1)/(3D1)00!
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@$%>1+$/$0)-1-)%&+1$316(%>1*>)+&+8126$(%$?1%- &) %/ & 3%y HE @YU % &- 31 @ $%>!
+0(@8&-"'&D-)")%$(38!5>&IH$-+%!(-'&-I-)%6&1 2 (&##$?$8& 3% #(- ABCI+(-6$%) 3! @.&HRIISLOK
17(-84$%!(30<:1)3'ILBOKILBMI7-,'&!  MI7(-&4$%:1$31%>& 1#$-+%!II") <+=I#(00(@&'16<!0&++!
*$'1D-(@%>1)%!-)%&+(#ILBIBKG 1117 (-&4%$%! (30<:1YA.8L"OKILBLHPII7- '&! M!7(-&4$%:8!
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$%&! ()%*+(,1-.*/+01.2%-(1/110!-%& Y/ 1/8+-&.(08&31+&. (&:A..&+)1 /3&31-11-%&! *)(3!
3&4.%3*-(1/1101-%&121/18+-8.14)&, (&+5!6/3&.1'(1-(,!, 1/3(-(1/+71-%&121/18+-&.!
12)1/8/-188,8&3&31#9:1.&21;*<I'=I13*=+I>14/3121(/1-%&!1).&+&  /,&!*/31%'+&/,&110! @AB!
CD(4E.&F85!$%&10(.+-11.3&.!.*-&!,1&00(, (&/-101.IHIJI+1.'(-*/121/1&+-&.+ I K*+HIM5NIM5M"!
3PICQ1.&8(-11/<=G!*/ZM5?"OIM5RER.E3&R!Q1.&8(-G5!$%&! (1384 *3%-(1/1.*-&IK*+!
&%, &31'=1*10% -1.1101F!(/1-%&!).&+&/,&!10!,.E3&!1(<516/3&.1*'(1-(,!, 1/3(-(1/+7!

%1K&:&. 711/<=IN"1.821:*<110121/1&+-& +!+)&,(&+!1, E..&3!'=13*=I1SM!(/-%&!Q1&8(-!
1/<=1-.8*-28&/-TIKY(<&!#9:1.&21:*<IK*+1.&* %6 &3!'=13*=IFM!(/!1-%8&,) .E3&! 1 (<!R!Q1.&8(-!
-.&*-28/-51$%&"' (1384 *3*-(1/1.*-&1101-%&121/18+-&. +IK*+1&/%*/,&31'=1¥10*,-1.1101#11;8..!
-06&I*(1-(,).*-&1101%6=3.1<=+(#5!

D(/*<<=71-%&)3(&+-&.+71-.(&+-&. +71*/31-&HEBB(AE.&IFARGIO1<< 1K+ (2(<*.!
)*--&./1(/1K%(,%!#9:1.&21;*<1101&* %!, 12) 1/&/-1(+!* %(&;&3!'=I3*=IPMIE/3&.1"(1-(,!
1/3(-(L/+V'E-1-%8&.&1(+12(/(2%<1.&21;*<1101-%6&!,12) 1/&/-+1(/-% &' (1-(,I-.&*-28&/-+5!
6/3&.1'"(1-(,1, 1/3(-(1/+7!-%&!0(.+-11.3&.1. *-&!,1&00(,(&/-101.IHIJI+1.'(-*/13(&+-&.+IK*+! L
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&1%*,&3"'(1384.*3*-(1/'=1¥10*,-1.1101S5>5!6/3&.1*'(1-(,!, 1/3(-(1/+7!1/<=ISN:1*/3!SQ:!
&21;*<I1,,E..&3! (I-%&!*'+&/,&1*/31).&+& /,&10!@AB!,.E3&!1(<7!.&+)&,-(;&<=71*0-&.1*ISM!
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! $%&!"(&)&*+&!,-1./+(,,(01*/).)1%1)!112(1.13/+!&--&+3!,*13%&!2&0(1213/,*!(13&)!,-!
8A&5+,. *&*31,-16,(&7/3819*2&(!  :/,3/+1+,*2/3/,*);1"<=1(&.,41>121)11+%/&4&2!  ?/3%/*!
3%&!-/()3!@#!215)B%&A+A:13/,*'&(/,2;1%,?&4&(!  A*2&(!1:/,3/+;1>&))!13%1*BX&.,4 13
?21)! ,))&(4&2\/*IC#1215) 81D*1122/3/,*;13%&!"(&)&*+&!,-1+(A28&!,/>15/8&>28&21-1)3&(!
280(1213/,*1(13&)!-,(11>>1+,.', *&*3)81$%/)!,:)&(413/,*)A00&)3)!3%13!6,(&7/3!/)!.,(&!
1,141/>1:>&!/*13%&!"(&)&*+&-12/)'&()&2!,/>8!E*&!&7'>1*13/,*/)13%13!6,(&7/3!+,.' *&*3)!
28(&"(&)&*3!/*13%&!?13&(1+,>A.*1131%/0%& (1+,*+&*3(13/,*)1:&+1A)&!,-13%&!1)),+/13/,*!
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4.3.3 Predictive kinetic degradation at4;C
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F'&*2/716!$1:>&868@8!F)!)%,?* I'(&4/,A)>5;IPME!* *&)3&(/-&2!1*2!.,*,&)3&(!)&(/&)!
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4.4 Conclusions
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Figure 23: Distribution of PEO sorbitan esters in Corexit 9500 in the presence
(gray) and absence (black) of ANS crude oil at day 0, 5, and 30 after incubation under
biotic (solid lines) and abiotic (dotted lines) conditions.
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5. Characterization and microbial communities exposed
to dispersant Corexit 9500

5.1 Introduction

#$%1&%%'()* %+, -+./-01)11.29%0%1()31*$%!4.+3%15)6-+13". 771*-1-118+1.01*$%!2%%'!
-1%)019:;<<!I512%"*$=1)021*$%14)*%!-41*$%!-. 71+%7%)3%2!)*12%"*$!+%5).0317)+>%7 2180 @0-(0A!
BOI*-*)7C1)01%3*.5)*%2IDA:15.77.-01E)++%73!-41-.71)02!: AEIS1-410)*8+) 71>) 314 7-(%2!-8*
-41%$9%11)1-02-1(%771-J%+E%A-+%!.*1()311)"%21)4*%-+IHF!2)3A IM180.N8%!
'$960-5%0-01*$)*1-118++%621()31*$%!4-+5)*.-01-41)1296%'()*%+!'785%!1-0%).0.0>!
0%68*+)77?1E8-?)0*1-.712+-'7%88D:<<IP5=1)0212.B-7J%2!>)33%3!-E3%+J%2! E%*(%040!
:Q<<I51206 S A H$%61 2%+ $1-41%$%! (%771 1-5E.0%21(*$1*$9%6!)"7.1)*.-01-411$%5.1) 7!
2.3'%+3)0*1)*1*$%! (%7 7$%) 21+ 0638 7*%21.01*$%!4-+5)*.-01-41- 712+-'7%*3C!-. 7 DHDMHDS! -
()*%+11-7850C!)02!E.-2%>+)2)*.-01)*1 206 *$AR-A]

M7*$-8>$CI*$9%618*.7.%21-412.3'%+ 3B+ 23!-. 7IE.-2%>+)2)*.-0! +%5).03!
801%+*).CHCERI5)0?13*82.%631) J%H % +*9621)R.3%.01*B$.4*1.01*$%!5.1+-E.) 7! 5580.*?!
3*+81*8+YH1$.01*$%!2%696'1()*%+!'785%! 1-5')+%621*-1*$%6180*+96)*%62!() *%6+! 1- 785 BOI*$%!
'785%C1*$%!5.1+-E.)711-5580.*.%314%3'-029621+)'. 27 21*-1%$%!.0%+83.-01-4!-. TAIH#S$ %!
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'785%C1)31*$9610)*.J%!5.1+-E.) 711-5580.*.%3!+%3'-029621*-1¥$%!.0478G -41$?2+-1)+EXOBA
1%65E%+31-AI"#$%& () ¥) ++$+H&+ #++)$, [-0"+&"+$'1)"2" /34&5&6$" 1 HEH#R5&$+ 1 #*8& B!
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I"HSHY& (FE&AY'/1 I"HSH, [H/++&+)=5%+1/%3$'/5.314%*$1&%->1+8/$10'$, 1.(9K1I+%$%!5(!
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I"HSYOHHBEYOR() %o'*" +, 8-St HUBA()*$+1&V%01$,-%6&$%6(*1./%)|01*1%23 +-)*415%I$8&'0". %6!
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$=417*)4$,=410.1'€*%60'9>96& '8*06.-+1:()., *+19).:101*IC-=9101$017*)*1($3$,'='0>1.9!
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596101 +1+0-&>17*1&*:.%+0)$0*101$0!:'().,'$=1(.::-%'0"*+19) . 101 *IA/*) +15+=$%&!
. $+ 0$=IF,+%)/$0.)>! @A5;FDI'%!1*$-9.)01J;1+1'90!'06!)*+3.%+*10.1%23.+-)*1.91.'=I$%6&!
&'+3%)+$%6041K%="L*101*19%6$0-)$=!.'=1+**3$8*1'061C-=9! OIMATPIAB: F1+*$7$0%)!
)*3)*+*060*&1-% (. %0$:'%$0*&!+*$7$0%)1 7'01I$I 7*=R1$)$(0%)'Q*&!:'()., $=!(.::-%'0>4 ™A
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9L#/"0")1%-&HY623"4"0) 1%-'HIBI$% BRO-&"* HM$3'&=>1&..:'%$0*&! 01*1(.::-0%6'0>!
+0)-(0-)*1'%6101*13)*+*0(*1.91G.-01I T.- +'$%$!()-&* @ TDI$%&!;.)*2'061$%&!;.)*2'0.%=>6!
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%8 ()%)*+,-1./, 0&YI*/) 11 +2(,3+)415,564)*+ -1 /+ 71, *1()5+%4810+*/1*/&1()5+%!
%&'()%)*+,-1, 71*/&11, - &.*&(.12,15,-&*1, 719, (& +*1)-0612,-*+-6&%!  * 12/)-'& 1).1*/&]

Uo+ & *&(H(+&.*&(;1)-%61*&*()&.*&(12,15,-&-*.1, 719, (&:+*196&' () Y6 &K<!

5.2 Material s and Methods
5.2.1 Chemicals and reagents

=>215(,@+%&%!*/&IA,6%/1B,6+.+)-)|(878&(&-2&12(6%&!,+4ICABID<!9, (&:+*IEF##10).!
)2G6+(8&%!7(,11H)42,ICH)58&(@+44&;IBD<I?44!. 4@&-*.10&(&I)YRD, (1/+/&(<!
228* -+*(+48)28&*,-&;1)-%10)*&(10&(&!56(2/).&%T(1IK/&(L  ,IL+./&(1A2+&-*+7+2<IJ>BY!

'()%&1?11,-+611)28&*)*&10).1)2G6+(8%6!7(, LIK/&(1,|A2+&-*+7+2<! |

5.2.2 Sample collection

9,).%)41.8)0)*&(10).12,4482*&Y6))*1*/&1>+@&(.11.4)-%!9,).*)4IM3.&(@)*,(8!C>I9MD!
+*&1-&)(IN&)67,(*1-4&*;IH9ICOP<Q"R"SH!QT<TQ#QSUD!,-IL&3 (8RB IR:!U)*&(10).!
2,4482%8%)*IVO#I2119%&5*/;1 7+4*&(&%!*/(,6' N\SHHIWLIL&./;1)-%).* (&%!+-1$#B12)(3,8<!
U)*&(1G6)4+*811&).6(&18&-*.;1+-246%+-'T*&15&()*6(&;!5J;1)-%6!.)4+-+*B10&(&!*) X &-!
%66 (+-'1.)154+-"1)-961%-+.. 4@&Yo!+-, ()-+21-6*(+&-*12,-28-*()*+,-.;12/4,(,5/8441 1
2,-28-*()*+,-113)2%&(+,54)-X* -:1)-0%615/8* 54)-X* -1)36-%)-2&.10&(&!%&. 2(+3&%!
5(&@+,6.48%0K *)41%+.. 4@8&%!,()-+212)(3,-ICKZMID!0).11&).6(&%!,-! KM9IBIO+*/!
2A1NBI?6%,.)154&(ICA/+1)%*[619,(5;\)5)-  D<IA&)0)*&Q) .1.*,(&%!)*1] "#S917,(1"1%)8!

6-*+416.&8K
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5.2.3 Microcosm set up and sampling

%&'()')*+1,-.,(&+,/0%11,(,1.,(2)(+,31&/1456718+9, (1:;8**19)00; *11&0<!=,2;)/ >
:&/,31'8.#711<&'<1<8319, /I(&/*,311&0<!180,(!  8/3! 8',0)/,51=<,1+&'()')*+*!1,(,!
8+,/3,311&0<1*@9*0(80,*5!=<,13&*.,(*8/0 3/;Al0(,80+,/01')/08&/,3!"#!..+1B)(,-&0!C6##!

* 8180,(11<&;,10<,13&*.,(*8/0 3(@3,1)&;10(,80+,/01')/08&/,3!8!3&*.,(*8/010)!)&;!(80&,)!
DEFGH!)2!"I"#1.(,+&-,3!B)(,-&0ICE##ID"#..+H!18/31J7B51%&'()')*+*!1,(,!,*089;&*<,31&/!
0(&.;&'80,1+8&/08&/,3!80<! I"#$19488180,(10,+.,(80@(,1)2! "$56KB!&/!8/1&@980)(!)(9&08;!
*<8L,(1801"##1(.+5!M;;10(,80+,/0%11,(,1*8+.;,318010<,12):;) 1&/:10&+,1.) &/O*|1#21"2142IN?!
8/316138A*50 @9*8+.;&/:1)" @ ((,3!@*&/:! 3,*&:/80,3! =,2;)/10@9&/:12()+1+&3 >9)00;,10)!
80)&3!8/AI*@(28',122,'0*5),.8(80,1*8+.,*11,(,1)::,'0,312)(I'<,+&'8;ID"6#1+ TH!8/3!

+&'()9&8;!)++@/&0AI8/8;A*&*IDAGH+7H

5.2.4 Corexit analysis using LC -HRMS

=)14)/&0)(1B)(,-&0!3,:(83808&)/  ?1*);&31.<8*,1,-0(8'0&)/118*!.,(2)(+,3!@*&/:!
"6#+7 1180<IP7QI'8(0(&3:,*IDR"?I6##+:21$S+?1%8&;2)(3?1%MH5IT-0(8'0*!1,(,!,; @0&/:!
@*&/:18',0)/,?1%);0,/01,-'<8/:,31&/0)!8',0)/&0(&;,?!8/31*0)(,!80!  4#KB!@/0&;!8/8;A*&*5!1U(&)(!
0)18/8;A*&*?14#1S:1)21,-0(8'0118*!3&; @0,31&/1"V#!S;1)2IPU7B!: (83,1180, (11&0<!6++);!
8++)/&@+18',080,1&/181J80&;; -|6#4#S;IUWIIB@0)*8+.;,(10&8;!IDX/)-0&;;,?1=YH5J8+.;,

1,(,'8/8;AZ,311&0<&/ANI) @ (*5!
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1-24.018"BE!@.FIGH## HBA. .F!I(*+.-1J&=(*+K1&*06&,&1FIK/0IL-=*F1:M<BIN0&6&/2!1-05&6&-0=!
-16(*1-24.01&01245*5|E#OM!8?@P!/..-0&4.1/1*6/6+1&0!>/6*+<1/05!"#0Q!8? @P!
/..-08&4.1/1%6/6*1&01/1*6-086+8&2*<!/05!/1,2->1+/6*1- IR##1@:1.&0 S1/05!1-24.0!-D*+!
6%.)*+/64-+*1- IR#T;BI(*1/0/276&1 [2!'+/58*06!(*25!/6!"#OQ!,-+!"1.&046*FI6(*01+/.)*5!6-!
EEOQ!-D*+IG#!.8046*=14=&0"1/11-0D*H!14+D*FI6(*0!(*25!//6|EEOQ!,-+1?!.&046*=1/05!
+*64+0*516-18086&/2!1-05868-0=16-1*34&28.U+/6*B!

(*11-24.01%,,24*06!>/=16+/0=, *++*516(+-4' (/! (*/6*51*2*16+-=)+/71&-0&V/6&- 0!
BWKN<!=-4+1*1-)*+/6*51&01)-=&6&D*1&-0&V/6&-0!.-5*I8=)+/71D-26/"*I- IRRH#HIXF11/)&22/+7!
6*.)*+/64+*1- IGY ?2T;<!6-1/01Z+U&6+/)1J4=8&-01:4.-=181 (*+.-1&=(*+IK1&*06&, &1 FIK/O!L-=*F!
'M<BIJ4221=1/01./==I=)*16+/1>*+*1/1348+*51/61+*=-246&-0 N GSHF ###18J]%P /6% 1GH#5%
D/ R0 "4 SOHEABH 1>86(WMKSN;1&06%+0/211/2&U+/6&-018_G)).!./==1/114+/17<F!
/46-./6&11'/&0!1-06+-21$*2F1/05!./H&.4.1&0A*168&-016&.*!"##.=BI%&' (1*0*+'711-228&=&-0!
58==-1&/6&-0!8%; <!, +/' *06/6&-01=)*16+/1>*+*/134&+*5/61$?1al"#O10-+./2&V*5!
1-28&=8&-010*+71&0!1-)IK)**518"1=*1-05<!5/6/15*)*05*06!/134&=&6&-0!.-5*FI>&6(1)*/b!

N)*H!5*6*16&-0F!570/.&11*H124=&-0F!/05!" ?F###!+*=-246&-0B!

"H#$!



5.2.5 DNA extraction and sequencing

%&'1()*!1+,--.+/.0112134-/.546718$#19:1,31*.)()/.5!/;5,<7;!)1#=88 9!@/.54A.B!
34-/.5!CD4--4E,5.F%)59*/)0/F!G.59)62H=!14-/.5*1(.5.1%/,5.01)/\x)#KL!<6/4-1.B/5)+/4,6=!
&<+-.4+)+40*!(.5.1.B/5)+/.01<*467!G.6/5)IM<5.7.6.IN.)*/OP)+/.54)-1Q4/!\CR4)7.6H!
3,--,(467!/;.19)6<3)+/<5.5S*146*/5<+/4,6*1(4/;\/;.1)004/4,6!,311.)0!1.)/467= I

T;.19 4+5,14)-1+,99<64/2! ()* 1+;)5)+/.54U.0!<*467!/;.! VWVS$!E549.5*/)57./467!
[;1"X* 7.6, ¥AIMLZ!5.)+/4,6*1+,6/)46.0!8#!67!,31%&'/.9E-)/.Fi#=$! ?D!1)5+,0.0!
3,5()50!E549.5F1#=$!?D!1)5+,0.0!5.A.5* .IE549.5F!8##1?D!I0& TM*F!)60!#=$\+,6,!T)]=!
MLZ!5.)+/4,6*1(.5.!/;.59,+2+-.01<*467/;.13,-- (46 7'E5,/,+,-MYIKL!3,5!_#I* +=1)60!8J!
+2+-*)/IYIKL!I3,5I"#*FI$$SKLI3, 51 #1*1)60!"8KL!3,5!_#1*al/;.1346)-1+2+-.14;&0.0!)/I"8KL!
3,5!8!1946=IT54E-4+)/.15.)+/4,6*1(.5.IE,,-.01)60!7.- >E<5434.0=!L,6+.6/5)/.0!%&"!()*!
]<)6/434.0112!18)6,%5,E18&% >'###1)60!.]<49,-)5!+,6+.6/5)/4,6*!(.5.IE,,-.0 13,5!
*]<.6+467 =1:1415)54.%1(.5.1*]<.6+.0!(4/;!  8B8$#1EH--<946)!D4@.]!C@)6!%4.7,FIL'HI)
%<c.S*!G.6,9.!@.]<.6+467!)60!'6)-2*4*IL,5.11)+4-4/2= |
5.2.6 Sequence processing

@.]<.6+.*1)6)-2U.0!<*467!/;.ID)+RbbD\IA.5*4,61"=Y="= Y¥)60!(.5.!+-.)6.0F!
/5499.01)60!0.9<-/4E-.B.0!<*467![@\'ZLd!A’=  "#IP54.3-2F!/;.1-.3/13,<5!11)* 4(.5.!
/5499.0! 1)60!- ,(1]<)-4/2!*.]<.6+.%1(.5.! 3<5/;.5!1/5499.01)/!/;.IM;5.0!]<)-4/2!CRH!,3!_#!

<*467!)!15<66467!(460,(!,3!"#!6/!13,51)1946!-.67/;!,318##!6/=11,5()50!)60!5.A.5*.!
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%8 (8)*&%!+&,&1-.8&)1/&,0811+2-.1)31/2%/4-* &%153,1"#1)-13,10,&4-&, 136&,74B!:&'(&)* &%!
+2-.178%%!-.4)1:##1)-13,14)18.<88*-&11&,,3,10,&4-&, 1" +&, &I&<*T(1&19!: &' (&) *&Y%6!+&, &!
1&,8872*4-81=1%3,-&1=1*7(%-&,&1!4)114%%20)&1!-3138&.,4-23)471-4<3)3/2*1() 2-1>? @A%BO!
2@A%!73+&,-.4)15268C%&.,64-23)2PM771%4/878&%!+&,&!,&/36&1!-31D2&71141/2)2/(/!35!
E#'F!,841%!8&,!%4/87&9!

G&74-23)%.28%! C&-+&&)!1*3//()2-D1%-  (*-(,&%!+& &!&<4/2)&11+2- ) 3)/&-, 2*]
1(7-21218)%23)471%*472)0!>H1J:B!(%2)0!-.&!16804)!184*K40&!12)!G1*3/8(-2)0!

&)62,3)/&)-1>FOFO#BIIHIJ:1+4%18&,53,/&11(%2)0!-.&IL, 4D NN(,-2%!12%-4)*&!/&-,2¥9

5.3 Results

5.3.1 Microbial community change correlated with Corexit 9500
degradation

@3!3C%&,6&!-.&12)-&,4*-23)IC&-+&&)IN3,&<2-14)1141)4-26&1/2* 3C2471*3//()2-D!2)!
-.&18,8%8&)*&14) 114C%&)*&135103(2%24)4!: +&&-IN, (1&=!+&1%62/(74-&114)13271%72*K153,/4-23)!
+2-.IN3,&<2-148872*4-23)12)1/2% 3*3%/18&<8&, 2/&)-%9HA-(,471%&4+4-&, 1+4%!*377&*-&1!

5,3/ 41¥34%-4713*&4)19%42)8 &4(53,-=IHN14)114/&)1&11+2-.IN3,&<2-13)7D=!3,IN3,&<2-14)1!
:3(-.103(2%24)41* (1&!>:0NB!3279!@.&!IN3,&<2-14) 11:ON!-,&4-/&)-1+4%]8,&/2<&1!-3!
8,3/3-&112%%37(-23)!35/83()1%!2)!-.&!+4-&,1*37(/)9!@.&!1&0,414-23)!135IN3,8<2-12)!
%8&4+4-&,1C&04)1+2-.1/3)38%-&,!,&/364714)11-.&1%(C%&'(&)-153,/4-23)!35!-.&!
)3)389%-&,252811%8&,28&%9!@.&1/2*,3*3%/18<8&,2/&) T(AR1145-&,1526&!14D%!-3172/2-

%20)252*4853--7&!1&55&*-%!3)!-.&!/3C247!*3//()2-D!1838(74-23)=!.3+&6&,! -.&!
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%&'()*+9%,&1-* 1+, 1./,0+1+,1).1021  1+/113140%3*+%,&!,5!+/B%1.+106!+0%1.+106!*&3!+1+0*1.+10!
' 78,&1&+.1,5!9,01:%+;! |

<1.(=+.150,719,01:%+13140*3*+%,&!*011.(77*0%>18b&!7%4 (01! @A;1B41.1*&3!
.1C(1&'1!,5!3140*3*+%,8,5!9,01:%+!9&!+/11801.1&'11*&3!*).1&'1!, 5IDEQI*01!", 78*0*)=1!
+,18012%, (.=F1,).10213!3*+*1. 1+ 196&19/*8+10.IG*&3!H;!1140%3*+9%,&!,51+/118, =F 1+/,:F=*+1!
JKLMNL.,0)%+*&!17,&,,=1%11,"(0013!-%+/%&!+/1!5%0. AHD! 5!1:8,.(011%&!), +/!
+01*+71&+.;11140*3*+%, &B1+/11KLM!.,0)%+*&!13%1.+10.1*&3IKLM!.,0)%-+*&-A0Me 104!
&,+1.%48%5%"*&+!,2101+/ 1B RBE () *+%,&;1B/LIKLM!.,0)%+*&!.10%101 1418 10*+131*.!
+/1IKLM!.,0)%+*&17,&,1.+101.10%1.1-1011017,213;IB/101¥.1&,'*&41  196&!+/1!
*)(&3*&'11,51IMDD!  3(0%&4!+/Bo&'(*+%, &1

B/1!/*=5P=9%5115,01+/117,&,1.+10"",78,&1&+1-* 1#:QQI*&3#: $#13*F . 19681+/119,01:%+!
&=FI+01*+718+1*&319,01:%+*&31'0(31!,%=1+01*+718&+6101.81"+%2 I*E (K13 /*=5R=0651!
5,014/113%1.+10!', 78,&1&+.1-*.1. =%4/+=FI5* +101%&!+/119,01:%+!*&3190 (3 HMDH=T 1 &+ .
J'@;RI3*F.N!1,210!+/119,01:%+!, &=F1+01*+71&+1J"$;013*F .N;IS1*&-/%=161+/111+/,:F=*+11.10%1.!
3,(=131%&1%)(&3*&'11%&!"; @!*&3!";HI3*F.15,019,01:%+!, &=F1¥&3!9,01:%+1*&3!90(31!M%=!
+01*+71&+.6101.81'+%21=FIIB*§HH

S%'0,)%*=!", 77(8&%+FI*&*=F .%.1)FIQDIO<TU!. 1C(1& 113*+*10683%"*+131+/*+1+/1!
7%'0,)%*=!" 77(8&%+F!'/*8&41310*8%3=F1%&!+/1!801.1&'11*&319,01:%+1*&319,01:%+1*&3!

'0(31!,%=;!U&!*210*41!,5|G#QRAVA#"#!01*3.1810!.*78=1!-101!'=(.+1013!%&+,!,810*+%, &*=!
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taxonomic units (OTUs). There was a linear increase in the average OTU count per
sample in the Corexit only treatment and a slightly faster linear increase in the OTU
count per sample in the Corexit and crude oil treatment (Figure 26).

Initially, analysis of the 16S rRNA sequences revealed that 73% of the in situ
microbial community belonged to fifteen genera from nine orders and seven classes and
4 phyla (Bacteroidetes, Cyanobacteria, Planctomycetes, and Proteobacteria) (Table 1).
The majority of the taxa were identified as members of three orders (Flavobacteriales!"
Rhodobacterales, and Rickettsiales) within two classes, Flavobacterila and
Alphaproteobacteria. PICO seawater communities did share taxa with Deepwater
Horizon taxa, including Alphaproteobacteria (#$%&%'()*+,(-¥.and
Gammaproteobacteria"(/-*+,%0%1(&(-+and 2)+(1%.34,4--(-),. which were initially
identified by Redmond et al.* at sites that contained an oil sheen."Gammaproteobacteria”
56.+78&%(-*+,%00%a6d 84',4% were found in surface water samples during Deepwater
Horizon and were also detected in the PICO seawater, but accounted for less than 1% of
the sequences in each sample. 9%-:+--4(was identified as the main taxa in the deepwater
plume during Deepwater Horizon, however, it represented less than 1% of the PICO
sequences.

Within the first 48 hours of the incubation, the microbial community began to

shift (Figure 27). Communities enriched with Corexit increased in Flavobacteriaceae,

108



U0& )%+, *+-*-10-, & 12'3&A*+-%-[I52, - 6 T*(*+-*-[I*T (18%2'6 ' T*(*+-*-1471 &-!
941 1:<1&'=.:>15221 ¥7%1-24-3 10-,&12'3& 42+ +-+-1 -6*47-(1: ¥)2-1*0, -1 &-1474,4*21@.'A, &>
0-,812'3&42%+-*-[1&' A-B-./13-*C-(1* 1;:<I&'= /17 (1, &-T1(~+.-*:-(1)*+C1,"1, &-1474,4*2)
R=T(FT+->1 D-2X@4)*+,- *+-*-1474,4*2211+'63.4:-(\EFG'O!, &-1:-H=-7+-1/1& A-B-./) 11(*1!
ANAIT2114'63.4:-(1MG/1*7 () LI (*1194B-1ISEG>IK-. =+'64+  .)4*+-*-I(-+.-*-(1)1!
FEMSGI7(14+'7,47=-(1,|(-+.-*:-I'B-.1 46->IN7!,&-1947*21+'7(4,4'T:NO2*B')*+, - 4*+*-*]
37 -(IFHS"GIOL &-L-H=-T4+- 37 (1 %6&!(')*+ - *+-*-1.-3.:-7 (1" IG>! !

P'66=74,4-1-7.4+&-(1A4,&IP".-24,*7(IQRP!'42], .-* 6-7,IA-.-1:4642* 1 ' &1
P'.-24,1'7211,.%,6-7,S! ,&-17%6-1*?*|(-+.-*-(ITME  LM$GU!A4,847!;<1&'=.:>]
O2*B')*+,- 4*+*-*I A1 &-1('647*7,19%64211'B-.1*22S1474,4*22114,).-3.:-7,-("EG'9!, &-!
-H=-7+-:/1)11(*1194B-1&'A-B- /14, 15++'=7 -(19'1I"G>1Q4642* 21/ %&'(')*+,- *+-*-]
307 (MEGUOL&-l-H=-T+-1 % I(*11# [1%7(14,13-*C-("7I(*119'=. 1% I"$G/1*7 (1, &-7!
~6*AT-(19)2->1 "HS%& SH(#)HAT4,4%221).-3 -7 ,-(1' T211#>,G1'O) *2*/1&' A-B-./1¥0, - | &-!
94.: 1;<1&'=.:1'9) &-1AT+=)* AT /14,1)-@* 71, 14T +.-*:-14T1¥) =T (*T+-1¥7 (*++'=7 -(19".! "JG!
‘91, &-1 :-H=-7+-: 1)11(*1194B->!

V&A1, =(11=:-(164+.'+':6:1,1:46=2% -1, &-1=:-1'01(4:3-.:%7 ' 71*1:= 9*+-1:24+C]
ATVH14%: *216% 47-1-TB4.'76-7,>IV&-13.'647-7,1 *?*1471,&-1  P'.-?4,1,.-%,6-7,IA-.-!
S3T-()1 ) F-$$0  TO*6421DR*B) + - 4*+** USWAI@-7=:1%2'7-Ix++'=7 (!

9133 X GI*7('E; XIGI'9!,&-l:-H=-7+-I'71(*1194B-147!,&-1P".-24 1"721/"*7(1P".-?4,1*7 (!
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$9%&!'()*+,-.(/0112/32)-'42567! 85,4.+,)-21' 1, 121%+'9*' - */I'(1-:21: 1'(212(4'1.(;2(-!
(<P, 121=-2(1/1.)',-2<1>'-:1<2?1 <, (1.=1:'2:1;.52)*5, 11>2'?: -1<'/1.542<1.12,(')!
).i34(</  1>-:12@-1,)255*5,112(A6;2/1-:,-1:6<1.56A2!+'.3.56;21/  7*1B:/I="(<'(?!
=.55.>/1>'-:1-:21.+/2142<1<2?1,< -'.(13,-:>,61.=1-:21(.(.(")!3.56/.1+,-2/!'(1&.12@"- 7!
B:2!-1,(/=.1;,-".(131.<*)-/""()5*<2<!-:212-:. @65,-2<!).;3.*(<0!>:"):1>21 2!

31.<*)2<1-:11.%7:1-:212/-211:6<1.56/  '/7'8*1-:21112/2,1):1;*/-1421).(<*)-2<!-.12@,;' (2!

-2L) 1.4 Bl).*(-61=.11:6<1.),1+.(1<271,<,-'.( 122(2/ 01'()5*<'(?! I"#CO!&DE"FG!
,5H,(21:6<1.5,/21.11,5H,(2/!,(<1:6<1.),1+.(;.(..?62(,/2/ 0%1,(<!1>255!,/1.-:21 1,(<!
22(2/112/3.(/'+52!=.112/-211:6<1.56//1-.1<2-21;'(21-:21+".,4,'5,+'5'-6. =1-:218.12@"-1-.!
-:2L) 1.4, 51)..*%(-67! !

5.4 Conclusion

B:2!;)1.+',51).;:*(-6112/3.(/2!-.1-121, <<'-".(1.=1&.12@"- 1, (<!<'/321/2<!
)1*<21.'51>2121<'/-()-1=1.;1%(-12,-2<1/2,> -217185,4.+)-21",I1<.;'(,-2<!-:2!
). (-2/1(1-:21&.12@"-1.(561,(<1&.12@"- !, (< 1$%&.'51-12,-; 2(-/1'(1-:21="1/-1="421< 6!
=1-121()%+,-.(7185,4.+,)-21" 1, 12IH(.>(1-.1<2?1,<21<'//.542<1.12,()!;,--211%/'(?!
2@-1,)255*5,112(A6;2/01>"):1:6<1.56A215,1?211+'.3.56;21/7!B:21;2):,(‘/;1*/2<!+6!

85,4.+,)-21'1).112/3.(<2<!-1-:21.4/2142<1<2?1  ,<,-.(131.<¥)-/1.=1&.12@"-7!
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6. Conclusions

6.1 Summary

$I6&()*&+1,*-*&1).196)/ %01 1+&2&(+&+13(13)0!-(+1/-.1) (+4.*511635!&(&5/1!-(+1.)(7&!
*0p&18)+19:::.;1(&<1*&796(303/)&..;10)=&1%1+5-40) 7165-7*45)(/!-(+1+8&8&2<-*&51+5)00)(/;1%->&!
-003<&+1635!835&1872035-%)3(1-(+!-77&..1¥31258>)34.0114(5&-7%-@0&!-(+15).=)&5!
+&23.)* APIC6*&51D&&2<-*&5!E35)F3(13)0!.2)00;!(&<!.-68*118&-.45&.1<&5&!)820&8&(*&+!
)(135+&5!+31258>8&(*I-(3*%&5!+).-. *534.1&>&(*AIE3<&>&5;18)(35!-77) +&(*QDIB&0&- . &.!
37745!658G4&(*01!-(+1)*1).10)=&011%%-*1-(3*%&5!8-..)>&!3)0!.2)00!<)00!37745!)(*%&! (&-5!
BA*458AIH(1*%&I&>&(*1*%6-*137745.;14).285.-(*1-220) 7-%)3(15&8-)(.13(&!36!*%&!25)8-51!
83+&.1635!3)01.2)00!5888&+)-%)3(Al11<35=125&..&(*&+!-1738258%&(.)>&! 7Y 5&5) F-*)3(136!
J3582)*IK#::1)(135+&5!1*31 @&+ &5IA(+&5 *-(+1*068&I+1(-8)7.;16-+&;1¥5-(.235%;1-(+1285.) . *&(7&/!
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Appendix A:

Water quality data
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Appendix B: Supplemental Tables to Chapter 3
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