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ABSTRACT

Dispersants are used as an oil spill response mhetheeawater to increase oil-degradation
rates. While biodegradation of chemically dispersiéthas been well documented, only a few
studies have focused on the degradation of theedigpt compounds themselves. The
objective of this study was to determine the bisddgtion of dispersant surfactants in cold
seawater, relevant for deep sea or Arctic condtidiotransformation of the surfactants
dioctyl-sodium  sulfosuccinate (DOSS), Tween 80, @&we 85, and o/f-
ethylhexylsulfosuccinate (EHSS, expected DOSS Hysi® product) in the commercial
dispersants Corexit 9500, Dasic Slickgone NS anmdal OSR52 were determined. The
biotransformation studies of the surfactants wendopmed in natural seawater &Csover a
period of 54 days with no oil present. The surfattavere tested at 1, 5, and 50 mg/L, the
lower concentration being as close as possiblepeated field concentrations. Experiments
with dispersants concentrations of 1 mg/L resultedapid biotransformation of Tween 80
and Tween 85 with depletion after 8 days, while 333Bowed rapid biotransformation after
a lag period of 16 days. The degradation halféifé&OSS increased from 4.1 days to > 500
days as Corexit 9500 concentrations went from 1Lntg/ 50 mg/L, emphasizing the
importance of performing experiments at dispersammtcentrations as close as possible to
environmentally relevant concentrations. EHSS stwmited degradation compared to
other surfactants. This study shows that the stafés DOSS, Tween 80 and Tween 85 in the
three chemical dispersants studied are biodegradablcold seawater, particularly in

environmentally relevant concentrations.
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1. Introduction

Application of chemical dispersants is an oil spdsponse (OSR) technology used to
remove oil slicks from the sea surface, but has hkEen used during subsurface oil spills.
Several studies have shown increased oil biodetiosdevhen using dispersants on oil spills
because smaller, more bioavailable droplets amaddr(Brakstad et al., 2014; Baelum et al.,
2012; Hazen et al., 2010; McFarlin et al., 2014in¢& et al., 2013; Siron et al., 1995;
Techtmann et al., 2017; Venosa and Holder, 200Hilewfew have investigated the
biodegradation of the dispersant compounds themsetommercial dispersants consist of a
mixture of solvents and surfactants. The solvemiction often consists of petroleum
distillates, while the surfactant fraction includéiectylsodiumsulfosuccinate (DOSS), Tween
80, Tween 85, Span 80, and the DOSS hydrolysis ystod/-ethylhexylsulfosuccinate
(EHSS)(Place et al., 2010; Place et al., 2016)nc€m was raised on the potential persistence
of the surfactants after the Deepwater Horizon (DV@H spill (Kujawinski et al., 2011;

White et al., 2014).

Laboratory studies with enrichment cultures frore tAulf of Mexico showed that the
petroleum distillates were biodegradable at 5°CI(@Bzeet al., 2012), and that DOSS was
degraded faster at 25°C than 5°C (Campo et al32@OSS was also readily biodegradable
(> 60 % biodegradable) in standard aquatic ultinfatmeralization) biodegradability test at
20°C (Garcia et al.,, 2009). DOSS degradation was atgmrted in seawater (8°C)
(Kleindienst, et al., 2015). After a dispersantatmeent of an oil spill, the dispersed oil will
rapidly dilute (Lee et al., 2013). The dispersanhaentration will then also be very low.
Measured DOSS concentrations after the Deepwatardtooil spill varied from 0.01 pg/L

to 13 pg/L (Kujawinski et al., 2011; Place et 2D]16).
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In this study we determined if surfactants in camnncommercial dispersants biodegrade
in cold natural seawater, and at as close as pehtti expected environmental concentrations
considering analytical limitations. This is of red@ce for the use of dispersants as an OSR

method in the Arctic, as well as for subsurfacespills.

2. Material and methods

2.1 Dispersants

Three commercial dispersants were used in thisyst@brexit 9500A (Nalco
Environmental Solutions LLC, Tx, USA), Dasic Slickte NS (Dasic International Ltd., UK),

and Finasol OSR-52 (Total Special Fluids, France).

2.2 Seawater

Seawater (SW) was collected from a depth of 80 elo(lr thermocline) in a non-
polluted Norwegian fjord (Trondheimsfjord; 63°26'N)°23'E), supplied by a pipeline system
from the source to the SINTEF laboratories (saftimt 34 %o, temperature of 6-8°C, and
dissolved oxygen (DO) of 8.5 mg/L when reaching lti®ratory). The SW was acclimated

to 5°C (7 days before start of the experiments).

2.3 Experimental setup

A biodegradation experiment was performed in 250ftagks (Schott). The SW was
supplied with solutions of mineral nutrients, aciog to OECD Guideline 306 (OECD,

1992). SW for sterilized controls was sterile-fitld (0.22 um) and supplied with a biocide
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(HgCl; 100 mg/L final concentration). The biodegradatexperiment was performed with
final concentrations of all dispersants at 1 mgilnatural SW, and without oil. In addition,
Corexit was tested at concentrations of 5 and 5ALn®Jerilized controls were prepared with
1 mg/L Corexit. Solutions (150 mL) were transfertedhe 250 mL flasks and incubated for
up to 54 days on a shaking table at 5°C. Sampigdidate) were collected after 0, 4, 8, 16,

32 and 54 days and frozen (-20°C) until analysis.

2.4 Analyses — LC-MS

The surfactants DOSS, Tween 80, Tween 85, Spam8E&ISS were analysed by
liquid chromatography triple quadrupole mass spacttry (LC-QQQ-MS), using a
modification of the method described by Place et28116). Frozen samples were thawed and
transferred to new flasks (250 mL), pre-washed WwithL MeOH/IPA (methanol:isopropanol
1:1), to avoid surfactant glass wall attachmenthEariginal test flask was then rinsed three
times each with 15 mL MeOHY/IPA, and rinse solutiposled with the SW sample in the new
flask (total solution of 75% sample and 25% solyeimjections (500 pL) of the SW/solvent
mixture were separated on an Agilent Zorbax SB-€&dl@mn (5 um, 2.1 x 150 mm) using a
gradient from 5-60% of acetonitrile in deionizedtgracontaining 0.5 mM sodium acetate.
For the MS detection, multiple reaction monitoringnsitions were set up (Place et al. 2016).
A standard curve was prepared in the range fror@QLrg/mL for DOSS, Span 80, Tween 80
and Tween 85. For EHSS no standard existed, ardfdiatt was therefore given as relative

response values of the peak area.

2.5 Calculations
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Depletion of quantified surfactants were determiresi the percentage of start
concentrations (§) at the different sampling times (% C of)CIf biotransformation was to

be corrected for depletion in sterilized contrtiés was calculated as (G)Cste/ Co-stey-

First-order biotransformation rates and half-liwesre determined by non-linear regression
analyses as previously described (Brakstad ef@D4). The rate coefficient&l) and half-
lives (12) were determined by the option "one-phase decayGiaphPad Prism vs. 6.0
(GraphPad Software Inc., La Jolla, CA, USA). If mesponsive lag-periods were observed,
lag-periods, rate coefficients and half-lives weletermined by "plateau followed by one-

phase decay" in GraphPad Prism.

3. Resultsand discussion

3.1 Comparison of abiotic and biotic conditions

We report data for DOSS and its hydrolysis prodaetSS as well as the non-ion
surfactants Tween 80 and Tween 85 at differentedsgmt concentrations. However, Span 80
was not included in the analyses, due to incondist@alytical stability in our samples.
Corexit surfactant analyses in sterilized SW at looncentrations (1 mg/L) showed 16%
DOSS depletion after 54 days, and 2 % EHSS depletihile concentrations of Tween 80
and Tween 85 were higher (136-181%) after 54 days\pared to the start of the experiment
(Fig. S1, Supplementary Information (Sl)). Thereswdtle difference between depletion
calculated in the biotic samples (@)@o depletion calculations that accounted for liosthe
sterilized controls (C/§)/(Csie/Co-ste), @s shown in Fig. S2, SI. These results were also
confirmed in sterilized SW at high Corexit concatibns (50 mg/L), showing 4% DOSS

depletion at the end of the experiment, while cobtregions of Tween 80, Tween 85 and
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EHSS ranged between 103% to 132% of the start otrat®ns (results not shown).
Surfactant depletion in the abiotic controls wdreréfore neglected, and biodegradation was

therefore the main depletion mechanism.

3.2 Biotransformation at different dispersant camtcations

Surfactant concentrations at the start of a bisfiamation experiment with three
Corexit concentrations (1, 5 and 50 mg/L) showed thstribution of DOSS, Tween 80 and
Tween 85 was similar for all concentrations atdteet of the experiment (Table S1, Sl). All
Corexit concentrations (1 mg/L, 5 mg/L and 50 mdiap a Tween80:Tween85:DOSS ratio
of 0.3:1:1. These results were in the range ofréiselts reported by Place et. al (2016). The
reported biodegradation results were treated aseptges of the starting concentration,
which allowed for a comparison of the biodegradatiates. Differences between biotic and
sterilized samples showed that the depletion in biatic samples were caused by
biodegradation (Fig. S1). The SW was amended wgtaadard solution of mineral nutrients
(OECD, 1992), since previous mineral nutrient asedy(Brakstad et al., 2015) indicated a

risk of nutrient deficiency with Corexit concentoats of 50 mg/L.

The non-ionic surfactants were biotransformed b§ $9after 4 days of incubation at
all concentrations (Fig. 1), in agreement with jpoes data (Kleindienst et al., 2015).
Biotransformation of the anionic surfactant (DOSIE)wever, did depend on concentration
and showed typical lag-periods (16 days) at digpgrsoncentrations of 1 mg/L and 5 mg/L.
After the lag-period, DOSS was rapidly biotransfeth{Fig. 1), with half-lives of 4 to 6 days
(Table S2). At 50 mg/L, DOSS biotransformation wa9% at the end of the test period (Fig.
1). Possible explanations for the poor DOSS bisfiamation at the high dispersant

concentration could be dissolved oxygen (DO) litoias and/or toxic responses of high
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dispersant concentrations to the microbial comnesin the SW, although the headspace in
the test flasks (250 ml flasks with 150 ml dispatsa SW) should secure DO exchange
between headspace and SW. In addition, rapid Ibisfibamation of the non-ionic surfactants
at all dispersant concentrations did not indicateé Bepletion or toxic responses during
biotransformation. Recent studies of DOSS biotiamsétion at high surfactant
concentrations (~6 mg/L surfactant) with bactegaltures from GoM, also showed slow
biotransformation at® (Baelum et al., 2012; Campo et al., 2013). Intergly, DOSS was
shown to be biotransformed even faster in the pasef oil than without oil, using oil-
degrading bacterial enrichment cultures incubateéd2%°C (Techtmann et al., 2017).
However, oil-degrading enrichment cultures enriche®°C did not degrade DOSS in their
study to the same extent as shown in our studypddsants applied to an oil discharge will
rapidly dilute, and the biotransformation datalet tower concentrations used in this study
are therefore more realistic for real spill sitaas. The results from this study also emphasize
the importance if not using unrealistically higmcentrations of surfactants in biodegradation
experiments. The data also showed that EHSS respoas 1 and 5 mg/L Corexit
concentrations did not change significantly, buréased at 50 mg/L (Fig. 1). EHSS has been
reported to be a biotransformation product fromrob@l ester hydrolyses of DOSS (Hales,
1993; Campo et al.,, 2013). EHSS was present inditbpersant before the start of the
biodegradation study, probably as it is an interiatedn the synthesis of DOSS (Place et al.,
2016). Further, no indications of EHSS as a bioadgtion product of DOSS were found in
our studies. EHSS accumulation at high concentrgs® mg/L Corexit) was not related to
any DOSS depletion, while DOSS depletion at theeloeoncentrations (1 mg/L and 5 mg/L

Corexit) did not result in any clear correlationshathe EHSS concentrations.

3.2 Biotransformation of surfactants in differemmersants

8
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Surfactant biotransformation was determined in &greDasic and Finasol at low
concentrations (1 mg/L). Relative DOSS and Tweedi8Bibutions were lower in Dasic than
the two other dispersants, while Tween 85 was highable S1). Biotransformation of the
non-ionic surfactants was fast in all dispersahig.(2). Tween 85 was completely depleted in
all dispersants after 4 days. Tween 80 in Dasiaveldoa short lag-period (4 days), but was
completely transformed after 8 days of incubatidtso, DOSS biotransformation was
comparable in all dispersants, although Dasic skhoavehorter lag-period and a less steep
depletion slope than Corexit and Finasol. Howetrex,sum of the lag-periods and half-lives
of DOSS were comparable in all dispersants (20,d2§slays and 24 days in Corexit, Dasic
and Finasol, respectively) (Table S2). The bioti@msation of EHSS was faster in Finasol

than in Corexit and Dasic.

4. Conclusions

Biotransformation of surfactants in the commeraiidpersants Corexit 9500, Dasic
Slickgone NS and Finasol OSR52, and at differemeg&ibconcentrations, was investigated in
cold natural SW at®. Biotransformation of Tween 80, and Tween 85 awcliparticularly
fast, with reductions below analytical detectiommits after 4 to 8 days. DOSS
biotransformation exhibited typical lag-periods whew dispersant concentrations were
used, but was then rapidly depleted. This studyshibat the surfactants DOSS, Tween 80
and Tween 85 in the dispersants are biodegradableoid SW, in particular at low
environmentally relevant concentrations. The ressliowed the importance of not using
unrealistically high surfactant concentrations, paned to relevant environmental

concentrations after oil spill operations. It ietdfore These data may have implications for
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the use of dispersants as an oil spill responsbadan cold environments such as the Arctic

and for subsurface dispersant injection during desgpoil spills.
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270  Fig. 1. Biotransformation of DOSS (A), Tween 80,(Byveen 85 (C) and EHSS (D) in
271 Corexit 9500A at three different dispersant con@itns, 1 mg/L, 5 mg/L and 50 mg/L. The
272 results were determined as % depletion of the guraton at the start of the experiment
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Fig. 2 Biotransformation of DOSS (A), Tween 80 (B)yeen 85 (C) and EHSS (D) in
Corexit 9500A, Dasic NS and Finasol OSR52. Thelteswere determined as % depletion of
the concentration at the start of the experimef)(The experiment was performed with low

dispersant concentrations (1 mg/L).
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Highlights

Surfactants in commercial dispersants were biotoamed in natural seawater at 5°C
Non-ionic surfactants transformed faster than thierac surfactant DOSS

DOSS biotransformation increased by reduced coretgoms

Surfactant will be rapidly biodegrade at environtaéiy relevant concentrations



