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Executive)Summary)

Bureau!of!Ocean!Energy!Management!(BOEM)!and!Bureau!of!Safety!and!Environmental!
Enforcement!(BSEE)!regulations!require!the!complete!removal!of!platform!structures!and!
associated!debris!following!decommissioning!of!offshore!oil!and!gas!facilities!in!the!Pacific!Outer!
Continental!Shelf!(POCS).!After!decommissioning,!platform!owners!may!be!required!to!remove!shell!
mounds!located!beneath!the!platforms!that!formed!during!operations.!Shell!mounds!consist!of!
discharged!drilling!muds!and!cuttings!interlayered!with!shells!and!marine!organisms!falling!from!
the!platform!infrastructure!and!BOEM!and!BSEE!are!still!considering!whether!some!mounds!may!be!
left!in!place.!!

BOEM,!BSEE,!and!the!State!of!California!have!limited!information!about!the!types!and!
concentrations!of!contaminants!in!shell!mounds!beneath!oil!and!gas!production!platforms!in!the!
Santa!Barbara!Channel.!The!purpose!of!the!current!study!was!to!assess!whether!chemical!
contaminants,!most!notably!polynuclear!aromatic!hydrocarbons!(PAHs),!the!toxic!component!of!
crude!oil,!contained!within!POCS!shell!mounds!might!be!escaping!into!the!marine!environment!to!
the!extent!of!posing!a!risk!to!marine!organisms.!Information!from!this!study!would!be!useful!for!
evaluating!the!effects!on!the!marine!environment!of!the!potential!abandonment!or!removal!of!shell!
mounds!following!decommissioning!of!offshore!oil!and!gas!facilities,!and!the!development!of!
measures!to!minimize!any!adverse!effects.!

Aquatic!scientists!have!used!various!methods!over!the!past!several!decades!to!assess!the!movement!
of!contaminants!from!sediments!and!water!into!aquatic!food!webs.!The!most!prevalent!methods!
have!been!caged!bivalves,!fish!or!invertebrate!muscle!tissue,!and!passive!samplers,!which!include!
semiPpermeable!membrane!devices!(SPMDs),!solid!phase!microPextraction!(SPME)!devices,!and!
polar!organic!chemical!integrative!samplers!(POCIS).!This!study!used!SPMDs!deployed!at!two!POCS!
platforms!in!the!Santa!Barbara!Channel,!Platform!A!and!Platform!B,!and!at!one!control!site!close!to!
each!of!the!platforms!to!assess!the!potential!release!of!PAHs!from!platform!shell!mounds!into!
surrounding!waters.!!

PAHs!are!complex!organic!molecules!consisting!of!various!numbers!of!rings!(predominantly!
benzene!and!sometimes!pentene!rings)!formed!from!carbon!atoms!with!other!atoms!attached!to!
the!ring!carbons!and!extending!outside!the!rings.!PAHs!comprised!of!fewer!carbon!rings!are!more!
water!soluble!than!are!those!comprised!of!more!carbon!rings.!Consequently,!the!preponderance!of!
PAHs!with!different!numbers!of!rings!can!provide!clues!about!how!fresh!or!weathered!the!source!of!
the!PAHs!is,!which!in!this!case!is!crude!oil.!Moreover,!within!a!class!of!PAH!(e.g.,!naphthalene)!are!
different!forms!(homologs)!that!are!differentiated!by!the!numbers!of!carbons!attached!to!the!
ring(s),!referred!to!as!alkyl.!Typically,!PAH!alkyl!homologs!are!distinguished!as!CP0!through!CP4!or!
more,!depending!on!the!number!of!extraPring!carbons.!As!the!PAHs!are!partially!combusted!or!
degraded!by!microbes,!the!extraPring!carbons!are!removed,!leaving!behind!only!hydrogen!atoms!on!
the!rings.!!

Study!data!provided!insights!into!the!chemical!source!of!the!detected!PAHs!and!their!weathering!
patterns,!spatial!patterns!in!their!concentrations!and!compositions,!and!their!potential!harm!to!
marine!life.!

The!SPMDs!that!were!deployed!for!up!to!35!days!detected!very!low!concentrations!of!PAHs!in!the!
water!column.!The!composition!of!the!PAHs,!especially!the!relative!abundances!of!parent!
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compounds!(i.e.,!bare!ring)!and!different!alkyl!groups,!were!consistent!with!a!crude!oil!source!
rather!than!a!combusted!hydrocarbon!source.!

The!SPMDPderived!PAH!data!from!this!study!provides!insight!into!the!presence!and!potential!
physical!or!spatial!sources!of!PAHs!present!at!low!concentrations!in!this!portion!of!the!Santa!
Barbara!Channel.!First,!measured!PAH!water!concentrations!were!in!the!parts!per!trillion!or!ppt,!
which!is!typically!too!low!to!be!detected!by!most!other!sampling!and!analytical!techniques.!
Observed!PAHs!were!dominated!by!the!following!compound!groups:!naphthalenes,!fluorenes,!
phenanthrenes/anthracenes,!dibenzothiophenes,!fluoranthenes/pyrenes,!and!chrysenes.!!Second,!
the!composition!of!PAHs!observed!at!all!stations!were!consistent!with!relatively!fresh!sources!of!
petroleum!rather!than!older!weathered!hydrocarbons,!as!would!be!expected!from!the!30P40!year!
old!drill!cuttings!buried!in!the!shell!mounds.!!Third,!due!to!the!background!water!concentrations!of!
PAHs!detected!at!control!sites!in!this!study,!uncertainties!were!introduced!about!the!physical!
sources!of!waterPborne!PAHs!detected!at!the!platforms.!As!a!consequence,!the!shell!mounds!cannot!
be!entirely!ruled!out!as!a!source!of!some!of!the!PAHs!reported!in!this!study.!!

Moreover,!although!the!shell!mounds!can!not!be!entirely!ruled!out!as!a!source!of!some!of!the!PAHs!
reported!in!this!study,!the!fact!that!the!SPMDs!deployed!over!the!thicker!areas!of!each!shell!mound!
at!Platforms!A!and!B,!where!the!highest!concentration!of!hydrocarbonPcontaining!drill!cuttings!
have!been!reported,!did!not!detect!higher!PAH!concentrations!than!those!deployed!over!the!fringes!
of!the!mounds.!This!suggests!that!the!shell!mounds!are!not!the!primary!source!of!detected!PAHs.!
Rather!the!most!likely!source!of!the!detected!PAHs!is!natural!oil!seepage,!which!is!prevalent!
throughout!the!Santa!Barbara!Channel!(Wilkinson,!1972;!Kraus!and!Estes,!1977;!Fisher,!1978;!Reed!
and!Kaplan,!1979,!Spies!et!al.,!1980;!Stuermer!et!al.,!1982!and!Quigley,!1997).!!This!appears!
especially!true!near!Platform!A!where!seepage!has!been!reported!previously!(Allen!and!Schlueter,!
1969).!!
!
Although!this!study!was!able!to!accurately!detect!very!low!(part!per!trillion)!concentrations!of!
PAHs!in!the!water!adjacent!to!Platforms!A!and!B,!as!well!as!at!the!two!control!sites,!the!proximity!of!
natural!hydrocarbon!seeps!to!the!study!area!and!their!contribution!to!detected!PAH!concentrations!
prevented!this!study!from!definitively!differentiating!the!contribution,!if!any,!made!by!the!shell!
mounds!to!those!PAH!concentrations.!!Additionally,!the!composition!of!study!PAHs!is!indicative!of!
unPweathered!crude,!although!some!of!the!PAH!compounds!observed!are!found!in!both!weathered!
and!unPweathered!crude!oil.!!Based!on!observed!PAH!concentrations!at!the!two!control!sites!and!
the!dominance!of!unPweathered!crude!oil!PAHs!in!study!results,!the!potential!contribution!of!any!
shell!mound!PAHs,!which!are!likely!to!be!highly!weathered,!to!measured!PAHs!can!be!assumed!to!
be!very!low,!if!at!all.!
Finally,!PAH!concentrations!observed!in!the!water!column,!regardless!of!the!source!of!the!PAHs,!
were!more!than!an!order!of!magnitude!lower!than!regulatory!water!quality!objectives!established!
by!the!State!of!California!to!protect!marine!biota!and!human!health.!Consequently,!any!potential!
contribution!of!PAHs!from!platform!shell!mounds!to!observed!water!concentrations!of!PAHs!is!
likely!very!small!and!probably!poses!no!appreciable!risk!to!area!marine!biota.!

!
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1. Study)Background)

1.1 Study)Purpose)

Current!Bureau!of!Ocean!Energy!Management!(BOEM)!and!Bureau!of!Safety!and!Environmental!
Enforcement!(BSEE)!regulations!require!the!complete!removal!of!platform!structures!and!
associated!debris!following!decommissioning!of!offshore!oil!and!gas!facilities!in!the!Pacific!Outer!
Continental!Shelf!(POCS).!State!of!California!regulations!frequently!require!similar!removal!of!part!
of!or!all!infrastructure!associated!with!offshore!oil!and!gas!production!activities!through!the!
following:!

1. Individual!coastal!consistency!permits!issued!by!the!California!Coastal!Commission,!
2. Clean!Water!Act!compliance!as!mandated!by!the!State!of!California!Water!Quality!Control!

Board,!or!
3. Subtidal!land!lease!conditions!issued!by!the!California!State!Lands!Commission.!!

Following!decommissioning!of!oil!and!gas!platforms!operators!may!be!required!to!remove!
discharged!drilling!muds!and!cuttings!that!are!interlayered!with!shells!and!marine!organisms!
falling!from!the!platform!infrastructure.!BOEM,!BSEE,!and!the!State!of!California!have!limited!
information!about!the!types!and!concentrations!of!contaminants!in!shell!mounds!beneath!oil!and!
gas!production!platforms!in!the!Santa!Barbara!Channel.!Chemical!assessments!of!the!POCS!shell!
mounds!underlying!Platform!Gina!and!Platforms!A!and!B!were!conducted!in!2006!and!2011,!
respectively!(Weston!Solutions!2007,!DCOR!2011).!Prior!to!these!efforts!in!federal!waters,!the!State!
of!California!and!Chevron!Corporation!conducted!an!assessment!of!the!shell!mounds!remaining!
after!the!removal!of!the!Chevron!4PH!platforms!(Hazel,!Hope,!Hilda,!and!Heidi),!located!in!State!
waters!(Phillips!et!al!2006).!This!and!other!studies!have!indicated!the!presence!of!elevated!
concentrations!of!the!metals!barium!and!zinc!and!some!polycyclic!aromatic!hydrocarbon!(PAH)!
compounds!(Weston!Solutions!and!Science!Applications!2007,!DCOR!2011,!Phillips!et!al.!2006)!
within!shell!mound!sediments.!Nevertheless,!little!is!known!about!the!potential!movement!of!
contaminants!from!these!shell!mounds!into!the!water!column!and!eventually!into!the!marine!food!
web,!and!questions!persist!about!their!effects.!

The!purpose!of!the!current!study!was!to!assess!whether!chemical!contaminants,!most!notably!PAHS,!
contained!within!POCS!shell!mounds!could!be!migrating!into!the!marine!environment!to!the!extent!
of!posing!a!risk!to!marine!organisms.!Information!from!this!study!will!be!helpful!for!evaluating!the!
effects!on!the!marine!environment!of!the!potential!abandonment!or!removal!of!shell!mounds!
following!decommissioning!of!offshore!oil!and!gas!facilities,!and!the!development!of!mitigation!
measures!designed!to!minimize!any!adverse!effects.!

1.2 Shell)Mounds)

Offshore!oil!and!gas!production!platforms!have!been!present!off!the!Southern!California!coast!since!
1958!(MEC!2003).!At!present,!there!are!23!offshore!platforms!located!in!Federal!waters,!installed!
between!1968!and!1989!and!operating!in!water!depths!ranging!between!approximately!45!and!365!
m!(BOEM!2013).!

The!hard!substrate!provided!by!the!platform!structure!is!colonized!by!sessile!(fixed)!invertebrates,!
especially!mussels,!barnacles,!and!rock!scallops!that!settle!and!grow!on!its!surface,!forming!a!biotic!
layer.!This!biotic!layer!can!be!up!0.5!m!thick!and!extend!from!the!intertidal!to!depths!of!30!m.!!
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Encrusting!organisms!are!routinely!removed!from!the!platform!structure!as!a!result!of!predation,!
storms,!and!mechanical!cleaning!by!the!platform!operators.!

When!removed!or!shed,!the!organisms,!especially!their!hard!parts,!create!a!mound!underneath!each!
platform!that!combines!with!rock!cuttings!and!muds!from!drilling!operations!and!normal!marine!
deposition!of!suspended!sediments.!The!height!and!areal!extent!of!these!shell!mounds!are!
dependent!on!water!depth!and!age!of!the!platform!(Schroeder!and!Love!2004,!MEC!2003).!Shell!
mounds!may!be!as!high!as!8!m!above!the!seafloor!at!platforms!located!in!shallower!waters!(MEC!
2003)!and!can!cover!more!than!6!km2!at!platforms!located!in!deeper!waters!of!the!POCS!(Schroeder!
and!Love!2004).!Table!2.1!provides!information!on!the!shell!mounds!and!platforms!located!in!the!
POCS!(MEC!2003,!BOEM!2013).!

1.3 Study)Design)Options)&)Approach)

Various!methods!are!available!to!assess!the!movement!of!contaminants!into!aquatic!food!webs!
including:!

1. Analysis!of!tissues!of!caged!bivalves!and!fish!(i.e.,!biosentinel!studies),!!
2. Deployment!of!passive!samplers,!such!as!SPMDs,!SPME!devices,!or!POCIS,!and!
3. Deployment!of!active!samplers!using!in#situ!solid!phase!extraction.!!

SPMDs,!SPMEs,!and!POCIS!are!recently!developed!sampling!devices!used!to!monitor!trace!
concentrations!of!organic!contaminants.!When!placed!in!an!aquatic!environment,!SPMDs!and!
SPMEs!accumulate!hydrophobic!organic!compounds,!such!as!polychlorinated!biphenyls!(PCBs),!
PAHs,!and!organochlorine!pesticides!from!the!surrounding!waters.!POCIS,!which!were!not!used!
here,!are!effective!samplers!for!compounds!that!are!more!waterPsoluble!than!hydrocarbons,!such!as!
some!pesticides,!prescription!drugs,!steroids,!hormones!and!other!endocrinePdisrupting!
compounds.!

SPMDs!in!particular!are!designed!to!simulate!the!passive!uptake!of!highly!lipidPsoluble!organic!
compounds,!such!as!PAHs,!across!biological!membranes.!They!integrate!ambient!concentrations!of!
contaminants!throughout!the!deployment!period.!SPMDs!are!constructed!of!a!tubular!polyethylene!
membrane!filled!with!a!thin!film!of!triolein,!a!purified!lipid.!The!SPMD!acts!like!a!biological!
membrane,!such!as!a!fish!gill,!in!selectively!absorbing!lipidPsoluble!organic!compounds!from!water.!!

An!alternative!approach!for!assessing!contaminant!uptake!in!biota!is!to!analyze!fish!and!mussel!
tissues!from!the!locations!of!interest.!Recent!studies!have!collected!fish!from!beneath!POCS!
platforms!(Gale!et!al. 2012,!Love!2012,!Love!et!al.!2009)!and!caged!bivalves!at!abandoned!platforms!
located!in!state!waters!(Phillips!et!al.!2006)!and!analyzed!them!chemically!to!assess!the!potential!
uptake!of!contaminants!from!oil!and!gas!platforms!and!associated!shell!mounds.!NOAA!and!EPA!
have!employed!resident!and!caged!bivalves!to!monitor!the!status!and!trends!of!contaminants!in!the!
nation’s!coastal!waters!and!Great!Lakes!since!the!early!1980’s!(Kimbrough!et!al.!2008,!Salazar!et!al.!
1995,!EPA!2012).!Following!the!deconstruction!and!removal!of!the!4PH!platforms!in!2001,!an!
assessment!of!potential!contaminant!migration!from!associated!shell!mounds!was!conducted!that!
included!direct!coring!of!the!shell!mounds!and!deploying!caged!bivalves!(Phillips!et!al.!2006).!!
However,!the!use!of!fish!tissues!and!caged!bivalves!to!monitor!contaminant!levels!from!specific!
sources!have!their!limitations.!!Many!fish!species!range!over!too!large!an!area!to!be!useful!for!
assessing!the!location!of!their!contaminant!uptake.!!Likewise,!bivalves!have!depth!and!seasonal!
limitations!to!deployment.!Therefore,!study!authors!decided!not!to!use!chemical!analysis!of!marine!!
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animal"tissues"for"these"reasons"and"settled"on"employing"SPMD"technology"because"of"its"
advantages"as"stated"below."

Although"passive"sampler"technology"is"relatively"new,"the"technology"and"its"associated"protocols"
are"improving"(EPA"2012)."There"are"many"advantages"of"using"SPMDS"instead"of"aquatic"
organisms:"

1. They"can"be"deployed"in"waters"that"are"outside"the"habitable"range"of"or"otherwise"toxic"to"
organisms."Passive"samplers"also"have"no"restrictions"on"the"physical"environments"where"
they"can"be"deployed."

2. SPMD"data"have"greater"precision"than"animals"tissue"sentinels"(EOA"2012,"Phillips"et"al."
2006)."They"are"more"easily"standardized"than"aquatic"organisms,"especially"in"studies"
sampling"in"different"environments"or"in"different"seasons,""

3. Migration,"mortality,"and"metabolism"issues,"which"are"common"when"dealing"with"living"
organisms,"are"avoided"with"SPMDs.""

4. SPMDs"can"be"deployed"for"long"periods"of"time"(days"to"months)"to"estimate"the"timeM
weighted"mean"concentrations"of"contaminants,"integrating"fluctuations"in"contaminant"
concentration"levels"that"could"be"due"to"surface"runoff"events,"water"movements,"chemical"
spills,"etc.""

5. An"important"property"of"SPMDs"in"some"environments"is"that"they"predominantly"sample"
contaminants"in"the"dissolved"phase"and"not"those"attached"to"particulate"material"
(GourlayMFrancé"et"al."2008)."Most"toxicity"is"mediated"through"exposure"to"dissolved"
contaminants."

The"optimal"approach"to"determining"PAH"flux"out"of"the"shell"mounds"would"require"placing"flux"
chambers"on"the"surface"of"the"shell"mounds"located"under"the"platforms.""These"chambers"must"be"
carefully"pushed"into"the"seafloor"surface"with"minimal"disturbance"of"sediment"chemical"profiles."
Then"small"volumes"of"water"would"be"removed"from"each"flux"chamber"over"several"weeks"on"a"
regular"schedule"for"PAH"measurements."Sampling"would"typically"be"performed"by"divers"in"water"
depths"that"are"shallower"than"POCS"platforms"are"located."Regardless"of"diver"depth"and"safety"
and"operational"constraints"posed"by"diving"under"operating"production"platforms,"it"is"uncertain"if"
accurate"measurements"of"PAH"flux"could"be"determined"in"the"small"volumes"of"water"that"would"
be"periodically"withdrawn"from"the"chambers."Therefore,"based"on"technological"restraints,"this"
methodology"was"not"used."""

An"SPMD"sampling"program"was"judged"the"best"approach"for"evaluating"PAHs"in"water"near"the"
Platform"shell"mounds."By"measuring"PAHs"in"bottom"waters"under"and"at"distance"from"Platforms"
A"and"B,"useful"information"could"be"obtained"to"directly"address"the"issue"of"whether"PAH"
concentrations"in"the"bottom"waters"at"the"study"sites"were"high"enough"to"be"toxic"to"marine"life."
The"data"could"also"be"analyzed"to"see"if"there"were"patterns"consistent"with"local"sources.""Spatial"
patterns"in"PAHs"were"examined"by"placing"the"SPMDs"at"different"locations"under"each"platform"
encompassing"various"shell"mound"thicknesses"in"order"to"determine"whether"higher"PAH"
concentrations"were"associated"with"thicker"portions"of"the"shell"mounds."Consequently,"results"are"
organized"to"highlight"the"concentrations"and"source"of"PAHs"and"differences"among"sites"based"
upon"analysis"of"the"concentrations"and"relative"composition"of"PAHs"accumulated"by"the"SPMDs."
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1.4 Study)Siting)
Of"the"shell"mounds"studied"previously"at"Platforms"Gina,"A"and"B,"and"the"4MH"platforms,"the"shell"
mounds"at"Platforms"A"and"B"were"determined"to"provide"the"best"locations"for"this"study."Figure"
2.1"illustrates"the"location"of"Platforms"A"and"B"within"the"Santa"Barbara"Channel."The"age"of"these"
platforms"and"their"location"in"relatively"shallow"water"compared"to"other"POCS"platforms"have"
allowed"the"accumulation"of"larger"shell"mounds"that"rise"more"than"6"m"from"the"surrounding"
seafloor."Most"of"the"production"well"drilling"at"the"two"locations"occurred"concurrently"in"the"early"
1970’s"when"current"water"quality"regulations"governing"oil"and"gas"platform"discharges"were"less"
stringent."Given"that"both"platforms"were"drilling"into"the"Monterey"Formation"with"wells"of"
comparable"depth"and"drilling"was"conducted"concurrently,"it"was"assumed"that"similar"drilling"
programs"were"employed"at"both"platforms."The"thicker"shell"mounds"at"these"two"older"sites"were"
presumed"to"concentrate"PAHs"and"therefore"provide"a"larger"potential"source"of"contamination"to"
the"surrounding"waters."Additionally,"because"core"samples"were"collected"recently"from"the"shell"
mounds"at"Platforms"A"and"B,"there"are"some"limited"data"on"PAH"concentrations"(DCOR"2011)."
Finally,"the"entire"Pitas"Point"Unit,"which"includes"Platforms"A"and"B,"is"located"in"close"proximity"to"
the"former"4MH"platform"locations"in"state"waters"where"previous"assessments"of"shell"mound"
contaminants"and"potential"food"web"uptake"of"those"contaminants"had"been"conducted"(Phillips"et"
al."2007)."

2. Sampling)&)Analysis)

2.1 SPMD)Samplers)
The"study"deployed"SPMD"samplers"to"measure"PAH"concentrations"at"the"study"locations."
Environmental"Sampling"Technologies"(EST)"provided"the"SPMD"devices."The"aluminum"and"
stainless"steel"SPMD"carriers"each"measured"approximately"9.5"cm"long"and"4.5"cm"wide"(Figure"
2.2)."Within"each"carrier"were"two"flattened,"lowMdensity"polyethylene"tubing"strips"containing"a"
thin"film"of"pure"lipid"(triolein)."The"triolein"strips"each"measured"15.24"cm"in"length."Three"SPMD"
carriers"deployed"on"an"array"at"each"station"provided"a"total"of"91.4"cm"of"flattened"polyethylene"
tubing"(i.e.,"3"carriers"×"2"strips"×"15.24"cm)"containing"triolein."Prior"to"deployment"of"the"SPMDs"
in"the"field,"the"strips"were"fortified"with"Performance"Reference"Compounds"(PRCs)"(fluorantheneM
d10,"anthraceneMd10)"to"determine"potential"losses"of"PAHs"during"deployment."These"PRCs"are"
PAHs"that"have"been"labeled"with"stable"isotopes"(deuterium),"which"allow"them"to"be"
distinguished"during"analysis"from"the"normal"fluoranthene"and"anthracene"PAHs."

2.2 SPMD)Deployment)and)Retrieval)
AMS"deployed"SPMD"samplers"beneath"Platforms"A"and"B"and"at"two"control"locations"between"
June"19"and"21,"2013."Figures"2.3"and"2.4"illustrate"the"approximate"locations"of"the"SPMD"arrays,"
relative"to"each"platform"and"shell"mound"topography."Table"2.2"provides"the"latitude"and"longitude"
of"the"arrays.""

At"each"platform,"five"arrays"were"deployed"atop"or"on"the"flanks"of"the"shell"mounds"by"lowering"
them"from"the"platform"deck"to"the"seafloor"on"a"weighted"hydroMline."The"SPMDs"were"positioned"
to"hang"approximately"1Mm"above"the"mounds."One"array"(array"5)"was"deployed"near"the"highest"
point"of"the"shell"mound"and"the"other"four"were"deployed"around"the"margins,"as"allowed"by"
access"from"the"platform."The"goal"of"this"arrangement"was"to"test"whether"the"arrays"placed"where"
the"shell"mound"was"thickest"would"show"the"highest"concentrations"of"PAHs,"due"to"a"potentially"
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"

Figure)2.1.)Study)location)in)the)Santa)Barbara)Channel.)

"
"

"

Figure)2.2.)SPMD)samplers.)

"

greater"local"amount"of"drill"cuttings"containing"PAHs."Sediment"cores"collected"from"shell"mounds"
from"the"4MH"platforms"after"removal"of"the"platform"reported"that"the"shell"layer"covering"the"shell"
mound"is"thickest"along"the"flanks"of"the"mounds"and"thinnest"at"the"highpoint"of"the"mounds"
where"the"accumulation"of"drill"cuttings"was"greatest"(deWit"2002)."The"SPMD"arrays"at"each"
platform"were"considered"to"be"replicate"samples,"so"that"the"results"could"be"compared"
statistically"between"Platform"A"and"Platform"B."Extreme"care"was"taken"to"avoid"fouling"the"lines"
on"the"platform"substructure"or"other"potential"entanglements"located"under"each"platform."

For"the"control"sites,"which"were"meant"to"approximate"ambient"PAH"concentrations"near"the"
platforms,"an"array"approximately"0.2–0.4"km"(0.2"nautical"mi)"was"deployed"west"of"each"platform"
at"the"same"water"depth."These"arrays"were"deployed"from"the"M/V"JAB"using"Sonardyne"Type"

Platform"A"Platform"B"

Pitas&Point&Unit&

Oil&&&Gas&Pipelines&
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7986"Lightweight"Release"Transponders."A"Sonardyne"Type"7967"OBC/LRT"Deck"Unit"was"used"to"
trigger"the"releases"during"recovery."

SPMDs"will"accumulate"or"release"PAHs"while"exposed"to"air,"as"well"as"to"water."Consequently,"to"
account"for"any"airMborne"PAHs,"fieldMblank"SPMDs"were"exposed"to"the"air"while"sampling"SPMDS"
were"assembled"and"deployed"in"the"field."Field"blank"SPMDs"were"exposed"at"Platform"A"(site"1),"
Platform"B"(site"4),"and"Control"A."These"same"blanks"were"reMexposed"during"retrieval"while"the"
SPMD"samplers"were"removed"from"the"water"and"returned"to"their"sealed"storage"cans."These"field"
blanks"were"analyzed"in"the"lab"with"the"sampling"SPMDs.""Reported"PAH"mass"loadings"were"then"
adjusted"to"account"for"PAHs"reported"in"the"field"blanks,"as"was"done"for"the"laboratory"blanks"and"
the"time"zero"blank."

Table)2.2.)Deployment,)retrieval)and)location)information)for)each)control)SPMD)array)and)Platforms)
A)and)B.)

Location) Deployment)
Date) Latitude) Longitude) Retrieval)

Date)
Days)

Deployed)
Platform)A))
(Center)Point)) 6/19/2013) 34.331458°)N) 119.613011°)W) 7/24/2013) 35)days)

Platform)B))
(Center)Point)) 6/21/2013) 34.332620°)N) 119.622130°)W) 7/24/2013) 33)days)

Platform)A)Control) 6/20/2013) 34.332361°)N) 119.616465°)W) 7/25/2013) 35)days)
Platform)B)Control) 6/20/2013) 34.332365°)N) 119.654430°)W) 7/25/2013) 35)days)
"

SPMDs"were"retrieved"between"July"24–25,"2013,"for"a"total"deployment"period"of"33–35"days"
(Table"2.2)."All"five"of"the"SPMD"arrays"deployed"at"Platform"A"were"successfully"recovered,"as"were"
the"Control"A"and"Control"B"arrays."At"Platform"B,"three"of"the"SPMD"arrays"were"recovered,"but"
two"(numbers"2"and"3)"(Figure"2.4)"had"become"entangled"on"subsurface"platform"structures"and"
could"not"be"retrieved."For"the"Platform"BM3"array,"the"line"severed"at"a"depth"of"about"30"ft"and"had"
to"be"left."The"Platform"BM2"array"could"not"be"pulled"up,"so"based"on"the"recommendation"of"the"
Platform"B"supervisor;"field"personnel"attached"weights"to"the"surface"end"of"the"line"and"cast"it"
away"(eastward)"from"the"platform."

2.3 SPMD)Sample)Handling)
After"the"SPMD"samplers"were"received"from"EST,"they"were"stored"at"AMS"in"sealed"storage"cans"
at"M20°C"before"leaving"for"and"after"returning"from"field"efforts."During"deployment"and"retrieval"
operations,"the"SPMDs"(in"the"cans)"were"stored"in"coolers"on"doubleMbagged"wet"ice"until"deployed,"
and"after"retrieval."SPMD"arrays"were"placed"on"clean"aluminum"foil"laid"down"on"the"platform"or"
boat"deck"to"prevent"contamination"from"surfaces."Field"personnel"handled"the"metal"SPMD"
carriers"with"nitrile"gloves"and"limited"their"exposure"to"air"as"much"as"possible.""

2.4 Chemical)Analysis)
Fourteen"SPMD"samples"were"analyzed"for"PAH"concentration"by"Axys"Analytical"Services,"Ltd."
(Axys)"(Table"2.3)."In"addition"to"the"SPMDs"deployed"in"the"field,"an"SPMD"was"analyzed"that"
represented"the"initial"concentration"of"PAHs"when"EST"prepared"all"SPMDs"(“EST"Spike”"sample)."
This"sample"was"prepared"like"all"SPMDs"deployed"in"the"field,"but"was"stored"at"M20°C"from"the""
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"

Figure)2.3.)SPMD)deployment)locations)at)Platform)A.)(Base)Map)Source:)MEC)2003).)

)

"

Figure)2.4.)SPMD)deployment)locations)at)Platform)B.)(Base)Map)Source:)MEC)2003).)
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time"it"was"received"from"EST"until"it"was"sent"for"analysis."Differences"in"PAH"concentration"
between"this"SPMD"time"zero"sample"and"those"deployed"in"the"field"represented"uptake"or"loss"of"
PAHs"in"the"field.""

Table)2.3.)SPMD)samples)analyzed)for)PAH)concentrations.)

Study)Location) SPMD)
Samples) Description)

Platform)A) 5) Arrays)deployed)at)Platform)A)(5)of)5)recovered))

Platform)B) 3) Arrays)deployed)at)Platform)B)(3)of)5)recovered))

Control)A) 1) Array)deployed)at)Control)A)

Control)B) 1) Array)Deployed)at)Control)B)

Field)Blank)A) 1) Field)Blank)exposed)to)air)for)Platform)A)sites)

Field)Blank)B) 1) Field)Blank)exposed)to)air)for)Platform)B)sites)

Field)Blank)Control) 1) Field)Blank)exposed)to)air)for)control)sites)

EST)Spike) 1) Archived)sample)representing)initial)PAH)concentration)in)all)SPMDs)

"

2.4.1 Analytical)Procedures)

SPMDs"were"analyzed"for"determination"of"PAHs"by"lowMresolution"mass"spectrometry"(LRMS),"
using"an"RTXM5"capillary"gas"chromatograph"(GC)"column."The"extraction"and"analysis"process"is"
described"in"detail"in"an"analysis"narrative"report"(Appendix"A)."Briefly,"SPMD"samples"were"
extracted"and"analyzed"in"one"batch"with"a"procedural"blank"(Lab"Blank)"and"an"ongoing"precision"
and"recovery"(OPR)"reference"sample."Analyte"concentrations"were"determined"by"isotope"dilution"
or"internal"standard"quantification"procedures,"and"recoveryMcorrected"for"possible"losses"during"
extraction"and"cleanup."The"results"were"not"blankMcorrected."

PAH"concentrations"were"reported"for"the"SPMDs"in"units"of"ng/sample,"where"sample"refers"to"the"
number"of"SPMD"strips"that"were"analyzed."Six"SPMD"strips"were"analyzed"for"each"sample,"with"
the"exception"of"the"following:"

1. Array"5"at"Platform"A,"for"which"four"strips"were"analyzed,"because"two"were"not"
retrievable"during"field"recovery,"and"

2. All"Field"Blanks"(A,"B,"and"Control),"for"which"three"SPMD"strips"were"provided"by"EST."

The"PAH"concentrations"in"samples,"with"reporting"limits"(RLs)"and"data"quality"flags,"are"shown"in"
Appendix"B."Axys"reports"RLs"using"the"sample"detection"limit"(SDL),"which"accounts"for"any"effects"
of"sample"matrix"and"recovery"during"the"analytical"process."

2.4.2 Data)Quality)Assurance)/)Quality)Control)(QA/QC))

The"following"data"QA/QC"issues"were"identified"by"Axys"when"analyzing"the"SPMD"samples:"

1. The"sample"from"the"Platform"AM1"array"had"a"small"puncture"in"one"of"the"SPMDs."The"
puncture"was"sealed"to"remediate"it."

2. For"the"sample"from"the"Platform"AM4"array,"half"of"the"sample"extract"was"inadvertently"
lost."Because"the"recovery"values"of"the"labeled"standards"were"within"the"method"control"



Determining)the)Potential)Release)of)Contaminants)into)the)Marine))
Environment)from)Pacific)OCS)Shell)Mounds) 3/24/2014)

Applied)Marine)Sciences,)Inc.) )12"

limits"and"the"isotope"dilution"quantification"procedure"automatically"corrected"for"such"
losses,"the"data"were"considered"to"be"unaffected."

3. Indeno(1,2,3Mcd)pyrene"was"detected"in"the"Lab"Blank"above"the"method"control"limits."This"
might"indicate"lowMlevel"impurities"somewhere"in"the"sampling"and"analysis"stream."
However,"the"reported"concentration"was"below"the"lower"method"calibration"limit"(LMCL),"
and"sufficiently"low"to"not"pose"a"problem"in"the"analysis"and"the"data"were"not"considered"
to"be"significantly"affected."

2.5 Data)Analysis)
The"following"sections"describe"how"we"corrected"the"raw"PAH"concentrations"reported"by"the"lab"
(ng/sample),"calculated"water"concentrations"(ng/L),"and"conducted"statistical"analyses"to"compare"
sites."

2.5.1 Data)Corrections)

The"raw"data"for"SPMDs"reported"by"Axys"were"adjusted"to"account"for"the"effects"of"laboratory"
processing"(lab"blank),"initial"PAH"concentrations"absorbed"by"the"SPMDs"during"manufacture"
(time"zero"blank),"and"exposure"to"airborne"PAHs"during"assembly,"deployment"and"retrieval"in"the"
field"(field"blank),"as"follows:"

1. PAH"compounds"with"no"reported"results"(i.e.,"nonMdetects,"as"identified"by"U"flags;"
Appendix"B)"were"recoded"to"a"value"of"1/2"of"the"listed"RL"for"that"compound"to"simplify"
further"corrections."

2. The"Lab"Blank"result"was"subtracted"from"all"field"sample"results."The"Lab"Blank"was"an"
Axys"procedural"blank"that"represented"the"background"for"the"entire"processing"and"
analysis"of"a"single"sample."Axys"had"not"reported"blankMcorrected"results."

3. Results"were"scaled"to"the"equivalent"of"six"analyzed"SPMD"strips,"as"needed."Because"the"
number"of"SPMD"strips"analyzed"was"different"for"some"arrays/sites,"it"was"necessary"to"
standardize"the"results"in"this"way."

4. The"value"of"the"corrected"EST"Spike"sample"was"subtracted"from"all"field"results."This"
effectively"removed"the"starting""(time"zero)"concentration"of"PAHs"acquired"by"all"SPMDs"
when"initially"prepared"at"EST."

5. The"value"of"the"corrected"Field"Blank"sample"associated"with"each"array"(Table"2.4)"was"
subtracted"from"array"results."For"example,"the"Field"Blank"A"results"were"subtracted"from"
the"results"for"arrays"1–5"at"Platform"A."

2.5.2 )Water)Concentration)Calculations)

Ambient"water"concentrations"of"PAHs"were"calculated"from"the"SPMD"mass"data"using"a"
spreadsheet"calculator"that"models"water"concentrations"from"the"SPMD"data"(Alvarez"2013)."This"
spreadsheet"calculator"is"based"on"models"previously"developed"by"Huckins"and"others"(2006)."The"
average"water"concentrations"of"selected"chemicals"are"estimated"using"PRC"loss"data,"chemical"
sampling"rates"(when"available),"and"the"mass"amounts"of"chemicals"accumulated"in"the"SPMD"
during"deployment."The"uptake"of"chemicals"into"passive"samplers"follows"integrative"(linear),"
curvilinear"and"equilibrium"phases"during"the"deployment/exposure"period."Integrative"uptake"is"
the"predominant"phase"for"compounds"with"log"Kow"(octanolMwater"partition"coefficient)"values"≥"
5.0"and"exposure"periods"of"as"much"as"one"month"in"SPMDs."During"the"integrative"uptake"phase"
the"ambient"chemical"concentration"(Cw)"is"determined"by""

Cw""="N/Rst"
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where"

N"" is"the"amount"of"the"chemical"accumulated"by"the"sampler"(typically"ng),"

Rs"" is"the"sampling"rate"(L/d),"and"

t" is"the"exposure"time"(d)."

For"SPMDs,"regression"models"have"been"created"which"estimate"a"chemical’s"site"specific"Rs"and"its"
Cw"based"on"the"log"Kow"of"the"chemical,"the"PRC’s"release"rate"constant"and"SPMDMwater"partition"
coefficient."A"PRC’s"release"rate"is"determined"from"the"amount"of"PRC"initially"added"to"the"SPMD"
and"the"amount"remaining"after"deployment."(Alvarez"2013)"

In"this"calculator,"we"used"anthraceneMd10"as"the"performance"reference"compound."Deuterated"
anthracene"is"typically"used"as"the"PRC"standard"as"it"was"here."Since"deuterated"and"normal"
anthracene"have"different"retention"times"and"mass"charges"the"deuterated"standard"does"not"
interfere"with"the"analysis"for"anthracene"in"the"sample"using"mass"spectrometry."A"second"PRC"
was"added"by"EST"to"the"SPMDs"during"preparation"(fluorantheneMd10)"and"could"not"be"used"in"
the"calculator,"because"the"initial"spike"concentration"of"that"compound"was"less"than"the"final."We"
converted"the"calculated"water"concentrations"(pg/L)"to"units"of"ng/L"(ppt)"and"recoded"negative"
water"concentrations"(i.e.,"PAH"losses)"as"zero"(Appendix"C)."

2.5.3 Statistical)Tests)

For"PAH"concentrations"and"percent"contribution"to"PAH"total"concentration,"we"tested"for"
differences"between"the"Platform"A"and"B"sites"and"their"associated"control"sites"by"comparing"
mean"values"and"95%"confidence"intervals"of"recovered"arrays."The"Platform"A"group"consisted"of"
five"observations"and"the"Platform"B"group"consisted"of"three"observations"(Table"2.4)."The"95%"
confidence"intervals"were"calculated"using"the"R"statistical"programming"language"(R"Core"Team"
2013)"

3. Results)
The"chemical"data"from"the"SPMDs"can"be"expressed"two"ways:"(1)"the"total"amount"or"measured"
mass"for"PAH"analytes"detected"in"the"SPMD"triolein,"which"would"correspond"to"what"would"be"
present"in"an"equivalent"amount"of"lipid"in"a"fish,"and"(2)"the"predicted"concentrations"of"the"PAH"
analytes"in"seawater"that"resulted"in"the"measured"mass"in"the"SPMDs"at"the"end"of"the"deployment"
period."We"chose"to"emphasize"the"second"way"of"presenting"the"data,"because"water"
concentrations,"rather"than"tissue"concentrations"of"exposed"organisms,"are"routinely"used"as"the"
basis"of"water"quality"criteria"and"determining"whether"water"quality"is"harmful"to"biota.""

PAHs"are"complex"organic"molecules"consisting"of"various"number"of"carbon"rings"(predominantly"
benzene"and"sometimes"pentene"rings)"formed"from"carbon"atoms"with"other"atoms"attached"to"
the"ring"carbons"and"extending"outside"the"rings."PAHs"comprised"of"fewer"carbon"rings"are"more"
water"soluble"than"are"those"comprised"of"more"carbon"rings."Consequently,"the"preponderance"of"
PAHs"with"different"numbers"of"rings"can"provide"clues"about"how"fresh"or"weathered"the"PAHs"
mixtures"are."Moreover,"within"a"class"of"PAH"(e.g.,"naphthalene)"are"different"forms"(homologs)"
that"are"differentiated"by"the"numbers"of"carbons"attached"to"the"ring(s),"referred"to"as"alkyl."
Typically,"PAH"alkyl"homologs"are"distinguished"as"CM0"through"CM4"or"more,"depending"on"the"
number"of"extraMring"carbons."As"the"PAHs"are"partially"combusted"or"degraded"by"microbes,"the"
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extraMring"carbons"are"removed,"leaving"behind"only"hydrogen"atoms"and"eventually"leave"only"the"
CM0,"or"parent"compounds.""

We"condensed"the"data"set"to"six"dominant"compound"groups"consisting"of"2–4"ringed"PAHs,"which"
constituted"more"than"94%"of"the"total"resolved"PAHs"(Appendix"D)"and"would,"therefore,"probably"
be"representative"of"site"differences"for"total"PAHs:"

1. Naphthalenes"
2. Fluorenes"
3. Phenanthrenes/Anthracenes"
4. Dibenzothiophenes"
5. Fluoranthenes/Pyrenes"
6. Chrysenes."

The"SPMD"samples"contained"parent"(bare"ring"or"C0)"compounds"and"alkylated"homologs"of"these"
PAH"compounds"(i.e.,"chains"of"additional"carbons"attached"to"the"aromatic"ring"or"C1,"C2,"C3,"etc.)"
(Table"3.1)."We"calculated"water"concentrations"for"these"six"PAH"groups"by"summing"the"parent"
and"alkyl"homologs"for"each."For"example,"concentrations"for"the"naphthalenes"class"are"the"sum"of"
the"parent"compound"(C0Mnaphthalene)"plus"homologs"of"that"compound"with"1–4"added"carbons"
(C1M,"C2M,"C3M,"and"C4Mnaphthalene)."Measurable"water"concentrations"of"these"PAH"compounds"
were"found"in"all"of"the"SPMDs"deployed"in"this"study."We"also"calculated"the"percent"contribution"
of"those"PAHs"to"the"total"water"concentration"for"those"compounds"to"interpret"compositional"
differences"of"the"PAH"compound"groups"between"sites.""

"

Table)3.1.)Six)dominant)PAH)groups)in)recovered)SPMDs)and)the)alkyl)homologs)present)across)all)
sites.)

PAH)Class) Rings)
Alkyl)Homologs)Present)

CU1) CU2) CU3) CU4)

Naphthalenes) 2) x) x) x) x)

Fluorenes) 3) x) x) x) ))

Phenanthrenes/Anthracenes) 3) x) x) x) x)

Dibenzothiophenes) 3) x) x) x) x)

Fluoranthenes/Pyrenes) 4) x) x) x) ))

Chrysenes) 4) x) x) )) ))

"
"

3.1 The)Source)of)PAHs)
The"PAH"composition"of"mixtures"provides"clues"to"their"original"chemical"source."In"this"case,"the"
pattern"of"ring"alkylation"is"informative."In"Figure"3.1"we"plot"the"concentrations"of"C0–C4"
homologs"for"the"six"PAHs"in"a"typical"sample"from"this"study."One"can"see"a"recurring"pattern"of"
ring"alkylation"in"most"of"the"PAH"groups,"whereby"the"concentrations"are"lowest"in"the"parent"(C0)"
compound,"are"higher"in"C1"homologs,"and"peak"in"the"C2"or"C3"homologs."This"pattern"is"typical"of"
crude"oils"(Youngblood"and"Blumer"1975)."Decreasing"concentrations"in"the"chrysene"homolog"
series"are"the"exception"in"these"samples"(Figure"3.1)."
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"

"

Figure)3.1.)Water)concentrations)of)the)alkyl)homolog)series)of)2–4)ring)PAHs)for)the)Platform)AU3)
Sample.))

"

3.2 Site)Differences)in)PAH)Water)Concentrations)and)Composition)
We"first"compare"the"water"concentrations"of"PAHs"at"the"sites"and"then"discuss"compositional"
differences"between"sites.""

3.2.1 PAH)Water)Concentrations)

There"were"several"patterns"in"the"SPMDMderived"water"PAH"concentration"data."First,"the"
concentrations"of"nearly"all"PAH"groups"were"higher"at"the"platforms"than"at"the"controls"sites,"
especially"at"Platform"A"(Table"3.2)."The"one"exception"to"this"pattern"at"Platform"A"was"
naphthalenes,"which"for"some"unknown"reason"were"highest"at"the"control"A"site."Second,"at"the"
Platform"B"control"site,"only"dibenzothiophenes"and"fluoranthenes/pyrenes"were"detected"at"
concentrations"below"(outside)"the"95%"confidence"intervals"of"the"reported"concentrations"for"the"
same"PAH"compounds"in"Platform"B"samples."The"95%"confidence"intervals"are"a"standard"
statistical"measure"for"reporting"the"spread"of"the"data"and"are"used"to"estimate"the"range"within"
which"the"true"mean"of"a"set"of"data"is"expected"to"occur"with"a"probability"of"0.95."Finally,"Platform"
A"had"significantly"higher"concentrations"of"PAHs"than"Platform"B"across"all"the"major"PAH"groups"
(Table"3.3;"Figure"3.2).""

Table)3.2.)Water)concentrations)(ng/L))of)six)dominant)PAH)groups)(including)all)alkyl)
homologs))calculated)for)SPMDs)deployed)at)each)array)site.)

Array)Site)

Naph) Fl) Phen/Anth) Dibenzo) Fluo/Pyr) Chry) Total)PAHs)

A1) B1) A) B) A) B) A) B) A) B) A) B) A) B)
1) 3.77) 0.74) 1.59) 0.73) 3.09) 0.41) 2.18) 0.39) 1.39) 0.80) 0.09) 0.04) 12.11) 3.11)
2) 4.29) ND) 1.26) ND) 2.22) ND) 1.75) ND) 1.05) ND) 0.09) ND) 10.66) ND)
3) 6.76) ND) 1.97) ND) 4.14) ND) 3.37) ND) 1.91) ND) 0.1) ND) 18.25) ND)
4) 4.62) 1.04) 1.61) 0.57) 3.43) 1.23) 2.76) 0.49) 1.71) 0.81) 0.13) 0.05) 14.26) 4.19)
5) 5.36) 0.76) 1.92) 0.39) 3.33) 0.90) 2.15) 0.42) 1.53) 0.87) 0.10) 0.05) 14.39) 3.39)
Control) 4.14) 0.47) 0.47) 0.21) 0.92) 0.69) 1.07) 0.24) 0.88) 0.72) 0.05) 0.03) 7.53) 2.36)

1)=)Platforms)A)and)B)
ND)=)No)data.)Arrays)2)and)3)at)Platform)B)were)not)recovered.)
"
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Table)3.3.)Mean)water)concentrations)(ng/L))of)PAH)groups)(with)95%)confidence)intervals).)

PAH)Group)
A)Sites) B)Sites)

Platform)A)
(n)=)5))

Platform)A)Control)
(n)=)1))

Platform)B)
(n)=)3))

Platform)B)Control)
(n)=)1))

Naphthalenes
1) 4.96)(3.52–6.40)) 4.14) 0.85)(0.43–1.26)) 0.47)

Fluorenes1) 1.67)(1.31–2.03)) 0.472) 0.56)(0.14–0.99)) 0.21)
Phen/Anth1) 3.24)(2.38–4.10)) 0.922) 0.85)(\0.18–1.87)) 0.69)
Dibenzo1) 2.44)(1.66–3.23)) 1.072) 0.43)(0.31–0.56)) 0.242)
Fluo/Pyr1) 1.52)(1.11–1.92)) 0.882) 0.83)(0.73–0.92)) 0.722)
Chrysenes1) 0.10)(0.08–0.12)) 0.052) 0.05)(0.03–0.06)) 0.03)
Total)PAHs1) 13.93)(10.37–17.50)) 7.532) 3.56)(2.17–4.96)) 2.36)

1)=)Platform)A)and)Platform)B)95%)confidence)intervals)do)not)overlap.)
2)=)Control)concentration)occur)either)lower)or)higher)(outside))the)estimated)95%)confidence)

interval)range)for)PAH)concentrations)reported)at)each)platform.)
"

"

Figure)3.2.)Water)concentrations)of)PAH)groups)at)Platform)A)and)B)sites.)Each)box)plot)shows)the)
spread)in)the)data)with)the)range)(lines)above)and)below)boxes),)median)(lines)through)boxes))and)
the)25%)and)75%)quartiles)(the)lower)and)upper)boundaries)of)the)boxes))of)these)data.)Associated)
controls)are)shown)as)points.)

3.2.2 PAH)Composition)

The"samples"from"within"each"platform"were"relatively"consistent"in"the"composition"of"PAHs,"but"
the"two"platforms"differed"significantly"in"the"contribution"of"certain"PAH"groups"to"total"PAHs."
Platforms"A"and"B"differed"primarily"in"the"percentage"contributions"of"naphthalenes,"
dibenzothiophenes"and"fluoranthenes/pyrenes"(Table"3.5"and"Figure"3.2)."The"naphthalenes"and"
dibenzothiophenes"have"larger"contributions"to"PAH"totals"at"Platform"A,"than"at"Platform"B."The"
converse"is"true"for"fluoranthenes/pyrenes."This"suggests"that"PAHs"collected"at"Platform"A"and"
Platform"B"have"different"hydrocarbon"sources."For"unknown"reasons,"the"single"array"at"Control"A"
had"a"much"higher"contribution"of"naphthalenes"to"total"PAHs"than"did"the"other"three"sites"
(Platform"A,"Platform"B"and"Control"B"
"
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Table)3.4.)Percentage)contribution)of)six)dominant)PAH)groups)(Including)all)alkyl)homologs))to)the)
total)PAH)concentrations)of)SPMDs)at)each)array)site.)

Array)Site)
Naph) Fl) Phen/Anth) Dibenzo) Fluo/Pyr) Chry) Total)PAHs)

A) B) A) B) A) B) A) B) A) B) A) B) A) B)
1) 30.7) 23.0) 12.9) 22.7) 25.1) 12.8) 17.7) 12.3) 11.3) 25.0) 0.7) 1.2) 98.4) 97.0)
2) 39.5) ND) 11.6) ND) 20.4) ND) 16.1) ND) 9.7) ND) 0.9) ND) 98.1) ND)
3) 36.7) ND) 10.7) ND) 22.4) ND) 18.3) ND) 10.4) ND) 0.6) ND) 99.1) ND)
4) 31.5) 23.8) 11.0) 13.0) 23.4) 28.1) 18.9) 11.3) 11.7) 18.5) 0.9) 1.2) 97.4) 95.8)
5) 36.6) 21.6) 13.1) 11.1) 22.8) 25.4) 14.7) 11.9) 10.5) 24.6) 0.7) 1.5) 98.3) 96.1)
Control) 53.1) 18.6) 6.0) 8.5) 11.8) 27.6) 13.7) 9.4) 11.3) 28.6) 0.7) 1.2) 96.7) 94.0)

ND)=)No)data.)Arrays)2)and)3)at)Platform)B)were)not)recovered.)

)

The"data"in"Figures"3.2"and"3.3,"and"Tables"3.2"and"3.4"more"clearly"illustrate"some"subtleties"in"the"
data"not"yet"discussed."The"PAH"concentration"and"composition"for"most"PAH"groups"tend"to"
cluster"by"platform"group—A"sites"(Platform"A"arrays"and"Control"A"array)"versus"B"sites"(Platform"
B"arrays"and"Control"B"array)."However,"there"is"generally"a"larger"separation"between"the"platform"
and"control"site"arrays"at"Platform"A"than"at"Platform"B,"especially"for"naphthalenes"and"fluorenes"
and"phenanthrene/anthracenes."This"pattern"suggests"greater"spatial"variation"surrounding"
Platform"A"than"at"Platform"B,"perhaps"due"to"a"source"of"PAHs"in"the"vicinity"of"Platform"A."
Moreover"the"SPMD"arrays"deployed"at"the"topographic"high"point"of"the"shell"mound"at"each"
platform"did"not"exhibit"higher"concentrations"of"PAHs"(Array"5;"Figure"2.3,"Figure"2.4"Table"3.2,"
Figure"3.4)."Therefore,"it"appears"that"proximity"of"an"array"to"thicker"regions"of"the"shell"mounds"
did"not"result"in"noticeably"higher"PAH"concentrations."

"

Table)3.5.)Mean)percentage)contribution)of)PAH)groups)(with)95%)Confidence)Interval)Ranges).)

PAH)Group)
A)Sites) B)Sites)

Platform)A)(n)=)5)) Control)A)(n)=)1)) Platform)B)(n)=)3)) Control)B)(n)=)1))
Naphthalenes) 35.0)(30.3–39.6)) 53.1) 22.8)(20.1–25.5)) 18.6)
Fluorenes) 11.9)(10.5–13.2)) 6.0) 15.6)(11.1–31.1)) 8.5)
Phen/Anth) 22.8)(20.7–24.9)) 11.8) 22.1)(1.8–42.4)) 27.6)
Dibenzothiophene) 17.1)(15.0–19.3)) 13.7) 11.8)(10.5–13.1)) 9.4)
Fluo/Pyr) 10.7)(9.7–11.7)) 11.3) 22.7)(13.6–31.8)) 28.6)
Chrysenes) 0.7)(0.6–0.9)) 0.7) 1.3)(0.9–1.7)) 1.2)
Total)PAHs) 98.3)(97.5–99.0)) 96.7) 96.3)(94.8–97.9)) 94.0)
"
"
"
"
"
"
"
"
"
"
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"
"
"
"
"
"
"
"
"
"
"
"

Figure)3.3.)Percentage)contributions)of)PAH)compound)groups)to)total)PAHs)at)Platforms)A)and)B)
sites.)Each)box)plot)shows)the)spread)in)the)data)with)the)range)(lines)above)and)below)boxes),)
median)(lines)through)boxes))and)the)25%)and)75%)quartiles)(the)lower)and)upper)boundaries)of)the)
boxes))of)these)data.)Associated)controls)are)shown)as)points.)
"

3.1 Potential)Field)Sources)of)PAH)Contamination)
During"deployment"and"retrieval"of"the"SPMDs,"field"personnel"observed"two"field"sources"of"
hydrocarbons"that"could"have"potentially"influenced"the"PAH"results"from"the"SPMDs—boat"engine"
exhaust"and"surface"oil"slicks."

1. While"deploying"the"SPMDs"at"the"control"sites"on"June"20,"2013,"the"assembled"array"was"
towed"behind"the"boat"in"the"engine"wash"(wet"exhaust"from"a"ducted"jet"boat"engine)"while"
the"boat"repositioned"near"the"target"coordinates."The"exposure"period"before"the"arrays"
were"allowed"to"drop"to"the"bottom"was"about"17"minutes"at"the"Control"A"site"and"seven"
minutes"at"the"Control"B"site.""

"

"

Figure)3.4.)Plots)by)compound)class)of)percentage)of)total)PAHs)versus)water)concentrations.)(Arrows)
indicate)samplers)placed)at)the)topographic)high)(i.e.,)thickest))point)on)the)shell)mound).)

"
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2. While"retrieving"the"SPMDs"on"July"24,"2013,"field"personnel"observed"patches"of"oily"sheen"
on"the"water"surface"near"Platforms"A"and"B."At"Platform"A,"these"patches"appeared"to"
bloom"near"the"northwest"corner"of"the"platform"structure"and"move"eastward."At"Platform"
B,"patches"appeared"to"the"northwest"and"north,"but"were"farther"away."The"source"of"the"
surface"oil"sheens"was"not"apparent"but"assumed"to"originate"from"natural"seepage"at"the"
seafloor,"and"they"were"not"visible"in"the"water"directly"above"where"the"SPMD"arrays"were"
being"retrieved,"however"droplets"of"seepage"will"move"with"the"prevailing"currents"as"they"
ascend"towards"the"sea"surface."

As"discussed"previously,"the"performance"characteristics"of"passive"samplers"such"as"SPMDs"make"
them"particularly"well"suited"for"longerMterm,"integrated"sampling."The"chemical"sampling"rates"for"
the"SPMDs,"as"calculated"by"the"water"concentration"calculator"spreadsheet,"range"from"0.3–0.7"
L/day"across"all"reported"homologs"of"the"six"PAH"compound"groups"(Appendix"C)."Therefore,"it"is"
unlikely"that"exposing"the"SPMD"samplers"for"several"minutes"to"engine"wash"during"deployment"
and"surface"oil"sheen"during"retrieval"would"have"a"significant"influence"on"the"integrated"uptake"
over"a"deployment"period"of"over"30"days."Regardless"of"this"understanding"of"how"SPMDs"work,"
every"effort"was"made"by"the"field"teams"to"avoid"any"floating"oil"sheen"while"retrieving"SPMD"
arrays."Upon"retrieval,"SPMDs"were"placed"on"ice"and"then"frozen,"stopping"the"absorbance"reaction."

SPMDs"from"both"control"sites"had"low"PAH"concentrations"compared"to"platform"sites,"so"the"
potential"exposure"during"towing"did"not"appear"to"affect"the"conclusions"of"this"study."

4. Discussion))
There"are"three"general"conclusions"that"can"be"drawn"from"the"SPMD"PAH"data"gathered"at"
Platforms"A"and"B"and"their"respective"control"locations:"

1. The"relative"abundances"of"parent"PAHs"to"their"CM1,"CM2,"CM3"and"CM4"homologs1"in"all"of"the"
samples"are"consistent"with"a"crude"oil"source."Most"crude"oil"has"higher"abundances"of"
alkylated"homologs"(CM1"to"CM4)"than"the"parent"compound"(i.e.,"no"side"chains"on"the"
aromatic"rings,"CM0)"(Youngblood"and"Blumer"1976)."Although"pyrogenic"sources"of"PAHs"
(e.g.,"wildfires"and"incompletely"combusted"hydrocarbons"in"exhaust"of"internal"combustion"
engines;"dominated"by"bareMring"[i.e.,"nonMalkylated,"or"CM0]"compounds)"could"contribute"
to"total"PAHs."In"our"samples,"alkylated"PAHs"were"abundant"and"dominant"(Figure"3.1)."
Therefore,"we"conclude"that"the"sources"of"PAHs"in"water"sampled"for"this"study"were"crude"
oil"that"had"not"been"refined"or"combusted.""

2. There"are"generally"higher"PAH"concentrations"in"the"waters"in"the"immediate"vicinity"of"
the"platforms"than"at"the"control"sites."The"relatively"elevated"PAHs"near"the"platforms"
suggest"localized"low"concentration"sources"of"hydrocarbons"that"are"closer"to"the"
platforms"than"to"the"controls."

3. There"are"differences"in"concentrations"of"several"PAHs"between"Platform"A"sites"and"the"
Control"A"site"and"Platform"B"and"Control"B"sites"that"are"consistent"with"a"relatively"fresh"

"""""""""""""""""""""""""""""""""""""""" """""""""""""""""""""
"
"
1"Aromatic"hydrocarbon"rings"forming"the"PAH"that"have"no"extra"carbons"or"sideMchains"attached"are"called"
parent"compounds"and"have"the"designation"of"CM0."In"petroleum,"most"of"the"PAHs"have"sideMchains"or"
additional"carbons"attached"and"are"typically"more"abundant"than"the"parent"compound"and"have"the"
designations"of"CM1,"CM2,"CM3,"CM4,"etc.""
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source"of"petroleum"oil"near"Platform"A."The"concentrations"of"total"resolved"PAHs"and"
many"of"the"compound"groups,"including"the"2–4"ringed"PAH"groups,"are"higher"at"Platform"
A"than"at"the"Platform"B"and"the"two"control"sites"(Tables"3.2"and"3.3"and"Figure"3.2)."
Conversely,"the"higher"molecular"weight"PAHs"(e.g.,"fluoranthene/pyrene"and"chrysene)"are"
proportionally"depleted"at"Platform"A."Because"weathering"of"crude"oil"differentially"
depletes"lower"molecular"weight"compounds"such"as"naphthalenes,"these"patterns"suggest"a"
source"of"relatively"fresh"PAHs"that"is"either"located"closer"to"Platform"A"or"that"is"less"
diluted"there"than"the"sources"of"PAHs"captured"at"the"Platform"B"and"Control"B"locations.""

Previous"investigations"at"the"4MH"platforms"in"nearby"state"waters"reported"total"PAH"
concentrations"(Ocean"Plan"listing)"in"the"shell"mound"sediments"ranging"from"0.064"to"0.081"ppm"
with"a"corresponding"concentration"in"bagged"Mytilus"mussel"tissue"of"0.162"ppm"(Phillips"et"al."
2006)."Recent"coring"of"the"shell"mounds"at"both"Platforms"A"and"B"by"the"platform"operator"during"
installation"of"new"pipelines"reported"PAH"concentrations"only"above"the"practical"quantification"
limits"((PQL)"for"naphthalene"and"2Mmethylnapthalene"at"Platform"B"(EPA"Method"8270)."All"other"
measured"PAHs"were"below"the"PQL."Concentrations"of"0.79"mg/kg"(ppm)"and"0.92"mg/kg"(ppm),"
respectively,"were"reported"in"sediments"for"these"two"compounds"(DCOR"2011)."Directly"
comparing"sediment"PAH"concentrations"from"past"studies"and"inMwater"concentrations"from"this"
study"is"extremely"difficult"since"with"the"background"concentrations"of"PAH"contributed"from"
locally"observed"seeps"there"is"no"reliable"way"to"determine"how"much,"if"any,"of"the"analytes"
detected"in"the"sediment"have"been"released"to"the"water"column."Often"the"contaminant"of"concern"
is"chemically"bound"to"the"sediment"itself,"is"not"waterMsoluble"or"bioavailable"and"becomes"
weathered"over"time."Additionally,"there"may"be"multiple"distinct"and"indistinguishable"
hydrocarbon"sources"contributing"to"PAH"concentrations"in"the"water,"such"as"from"regional"
natural"seepage.""
"
Interpretation"of"the"data"leaves"open"the"question"of"the"source"of"crude"oil"at"or"near"Platform"A,"
and"to"a"lesser"degree"Platform"B."The"most"probable"sources"of"observed"PAHs"are:"

1. Natural"oil"seepage"at"or"near"the"platform,""
2. A"leaking"well"head"or"pipeline"near"the"platform,"or""
3. The"shell"mound.""

Although"leaking"oil"from"subsea"pipelines"and"other"infrastructure"is"one"possible"source"of"the"
detected"PAHs,"this"source"is"not"considered"a"likely"candidate"because"of"inMplace"procedures"and"
equipment"to"detect"and"stem"the"flow"of"any"leaking"oil."If"any"of"the"platform"infrastructure"was"
leaking,"much"higher"water"concentrations"of"PAHs"would"be"expected.""The"most"likely"source"of"
the"PAHs"is"natural"oil"and"gas"seepage."The"Santa"Barbara"Channel"and"the"Monterey"formation,"in"
particular,"the"primary"source"of"most"POCS"oil"and"gas"production,"has"abundant"petroleum"
seepage"originating"from"geological"sources"that"flows"through"naturally"occurring"fissures"and"
fractures"in"overlying"sediments"into"the"water"column"(Wilkinson,"1972;"Kraus"and"Estes,"1977;"
Fisher,"1978;"Reed"and"Kaplan"1979,"Spies"et"al.,"1980;"Stuermer"et"al.,"1982"and"Quigley,"1997).""
Work"by"Allen"and"Schlueter,"(1969)"at"Platform"A"reported"seepage"around"Platform"A"estimated"
at"up"to"10"bbls"per"day.""At"present,"the"volume"of"seepage"near"the"platform"may"be"substantially"
lower"than"this"estimate,"which"was"made"months"after"the"1969"Platform"A"blowout"but"after"
some"control"measures"were"taken"to"stop"leakage.""

What"contributions"the"PAHs"within"the"shell"mounds"might"be"making,"if"anything,"to"water"
column"PAHs"is"unfortunately"unclear"from"the"study"results."As"indicated"above,"the"patterns"of"
PAHs"collected"by"individual"SPMDs"over"the"shell"mounds"themselves"do"not"appear"to"indicate"
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migration"of"hydrocarbons"from"the"mounds"(Table"3.2)."The"reported"PAH"signals"detected"by"
each"SPMD"did"not"correspond"with"the"thickness"of"the"shell"mounds"(Figures"2.3"and"2.4),"as"
found"by"previous"studies,"in"which"the"greatest"concentration"of"hydrocarbons"were"located"in"the"
highest"and"thickest"parts"of"the"mounds"(deWit""2002,"MEC"2003)."The"differences"among"
individual"arrays,"especially"at"Platform"A,"are"more"indicative"of"a"point"source"of"PAHs,"such"as"
from"a"natural"seep"that"is"located"in"close"proximity"to"the"platform"and"upcurrent"from"the"
control"site."As"indicated"in"the"discussion"above,"study"data"are"consistent"with"a"crude"oil"source"
of"relatively"new"and"unMweathered"oil"located"near"Platform"A"and"again"near"Platform"B.""

Even"with"a"very"extensive"list"of"PAH"analytes,"assignment"of"samples"to"particular"physical"
sources"is"difficult."For"example,"two"recent"reports,"which"primarily"used"aliphatic"biomarker"
compounds"in"their"analysis"to"distinguish"sources"of"more"than"400"oil"samples"using"a"much"
larger"list"of"petroleum"compounds"than"measured"in"the"present"study,"found"it"difficult"to"
distinguish"oil"samples"between"seeped"and"produced"sources"(Lorenson"et"al,"2009;"Lorenson"et"al,"
2011).""Unfortunately"sediment"concentration"data"collected"previously"from"the"Platform"A"and"B"
shell"mounds"(DCOR"2011)"did"not"provide"the"level"and"detail"of"PAH"analysis"needed"to"compare"
to"results"from"this"study."

One"source"of"data"that"possibly"provides"some"additional"insight"to"the"source"of"PAHs"at"or"near"
Platform"A"are"those"collected"concurrently"to"the"present"study"by"the"Southern"California"Coastal"
Research"Project"(SCCWRP)"using"SPMEs"recovered"from"Platform"A,"Control"A"and"Control"B"
locations."The"SPMEs"measured"PAHs"in"the"waters"just"above"the"shell"mounds"and"near"the"water"
surface."Unquantified"differences"in"sampling"efficiencies"and"uptake"kinetics"between"the"SPMEs"
and"SPMDs"make"direct"comparison"between"the"two"data"sets"problematic."However,"in"the"SPME"
measurements,"all"PAHs,"with"the"exception"of"2,3,5Mtrimethylnaphthalene"and"2M
methylphenanthrene,"were"below"method"detection"limits"(Maruya"2013)."While"these"compounds"
do"occur"in"seawater"in"contact"with"crude"oil,"the"detection"of"only"two"PAH"analytes"is"insufficient"
to"allow"accurate"assignment"to"the"exact"source"of"the"oil"but"confirms"that"the"concentration"of"
PAHs"at"the"study"sites"is"very"low."Additionally,"the"presence"of"alkylated"benzenes"in"SCCWRP’s"
SPMEs"is"consistent"with"a"crude"oil"source"as"was"concluded"here."""

Regardless"of"the"source"of"the"oil"sampled"by"the"SPMDs,"the"PAH"concentrations"measured"do"not"
suggest"risks"to"wildlife"or"humans."The"California"Ocean"Plan"(Ocean"Plan;"State"Water"Resources"
Control"Board,"2009)"has"established"water"quality"objectives"for"the"concentrations"of"PAHs"below"
which"human"health"is"protected"if"aquatic"life"is"consumed."Water"quality"objectives"in"the"Ocean"
plan"are"established"based"upon"laboratory"toxicity"and"modeling"results"using"estimated"rates"of"
bioaccumulation"in"marine"life"and"consumption"rates"by"humans"with"inclusion"of"appropriate"
safety"factors."The"water"quality"objective"for"PAHs"has"been"set"as"cumulative"concentrations"
(whole"water"samples)"of"a"subset"of"the"PAHs"measured"in"the"current"study."Because"we"
measured"many"more"PAH"compounds"than"are"regulated"by"the"Ocean"Plan,"a"comparison"
between"the"current"results"and"the"Ocean"Plan"water"quality"objectives"must"be"made"using"only"
those"PAHs"included"in"the"Ocean"Plan"(Table"4.1"and"Figure"4.1)."When"the"PAHs"included"in"the"
Ocean"Plan"water"quality"objective"are"compared"to"the"concentrations"of"the"same"PAHs"in"the"
present"study,"the"maximum"concentrations"measured"in"any"of"the"current"samples"are"less"than"
10%"of"the"water"quality"objective"(Table"4.1).""
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Table)4.1.)Total)PAH)concentrations)(ng/L))for)the)SPMD)arrays)with)the)highest)concentrations,)
calculated)using)the)PAH)list)for)the)Ocean)Plan)Water)Quality)Objective.)

Platform)A)Sites) Platform)B)Sites) Ocean)Plan)
Water)Quality)Objective)Platform)AU4) Control)A) Platform)BU4) Control)B)

0.6) 0.5) 0.7) 0.3) 8.8)

"
"

The"scientific"literature"and"other"regulatory"documents"also"indicate"the"maximum"concentrations"
measured"near"Platform"A"and"Platform"B"are"substantially"below"those"likely"to"cause"organism"
toxicity"or"human"health"concerns"(Table"4.2)."Kalf"et"al"(1997)"calculated"Maximum"Permissible"
Concentrations"(MPC)"of"10"PAHs"and"established"Negligible"Concentrations"at"1%"of"the"MPC,"
which"took"into"account"possible"effects"of"combined"toxicity"due"to"the"presence"of"other"
substances."The"concentrations"measured"in"the"present"study"ranged"from"2%"to"42%"of"the"
Negligible"Concentrations."While"the"California"Toxics"Rule"(EPA,"2000)"does"not"set"maximum"
concentrations"for"PAHs"in"salt"water,"the"freshwater"concentrations"established"to"protect"humans"
who"consume"aquatic"life"are"more"than"5,400"times"greater"than"the"concentrations"measured"in"
the"present"study."Very"recent"studies"designed"to"measure"subtle,"nonMlethal"effects"of"PAHs"on"
marine"organisms"showed"that"in)vitro"exposure"to"PAHs"from"the"Deepwater"Horizon"spill"
adversely"affected"the"function"of"tuna"cardiomyocytes"(Brette"et"al,"2014)."Nevertheless,"the"
exposure"concentrations"of"22"µg/L"and"61"µg/L"were"several"orders"of"magnitude"greater"than"
ambient"concentrations"measured"in"the"current"study."Moreover,"a"direct"connection"between"in)
vitro"effects"measured"on"tissues"in"the"laboratory"and"in)vivo"effects"on"whole"organisms"in"the"
wild"has"not"been"established."Consequently,"while"a"number"of"studies"have"documented"the"
incorporation"of"carbon"from"spilled"or"seeped"PAHs"into"organisms"in"marine"food"webs"(Spies"et"
al,"1989;"Mearns"et"al"2013),"the"ocean"concentrations"measured"in"the"present"study"are"well"
below"both"regulatory"objectives"and"published"toxic"concentrations."

"

"

Figure)4.1.)Total)PAH)water)concentrations)(ng/L),)calculated)using)the)PAH)list)in)this)study)versus)the)
list)for)the)Ocean)Plan)Water)Quality)Objective.)
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Table)4.2.)Water)concentrations)of)PAH)compounds)measured)in)this)study)compared)with)published)
and)regulatory)maximum)concentrations)for)the)protection)of)aquatic)life)and)human)health.)

Compound&

Source&
Kalf&et&al,&1997& California&Toxics&Rule&& This&Study&
Negligible&

Concentration1&
ng/L&

CTR&Freshwater&fish&
consumption2&

&ng/L&
Maximum,&ng/L&

anthracene"" 0.7" 110x106" 0.3"
phenanthrene" 3" N/A" 0.19"
fluoranthene" 3" 370x103" 0.18"
benzo[a]anthracene" 0.1" 49" 0.02"
chrysene" 3.4" 49" 0.11"
benzo[k]fluoranthene" 0.4" 49" 0.009"
benzo[a]pyrene" 0.5" 49" 0.013"
benzo[ghi]perylene," 0.3" N/A" 0.015"
indeno[1,2,35cd]pyrene" 0.4" 49" 0.073"

1"="Negligible"Concentration"="Maximum"Permissible"Concentration/100,"which"takes"into"account"
possible"effects"of"combination"toxicity"due"to"the"presence"of"other"substances."

2"="Maximum"freshwater"concentration"for"the"consumption"of"organisms"by"humans."

"

5. Study)Conclusions)
The"current"study"was"developed"to"assess"whether"PAHs"in"POCS"shell"mounds"were"migrating"
into"the"marine"environment"and"posing"a"risk"to"marine"organisms."The"approach"utilized"multiple"
PAHMabsorbing"SPMDs"deployed"over"the"shell"mounds"of"two"nearshore"POCS"platforms"and"at"
one"control/background"location"sited"near"each"platform.""The"individual"SPMDs"at"each"platform"
were"placed"over"both"the"thin"margins"and"the"thickest"section"of"the"shell"mound"where"the"
lowest"and"highest"concentrations"of"PAHs"were"expected"to"be"located,"respectively.""Based"on"
study"results"and"analyses,"the"following"study"conclusions"can"be"made."

1) The"SPMDs"at"both"the"platform"sites"and"control"sites"detected"very"low"concentrations"of"
PAHs"in"the"water"column.""

2) The"abundances"of"CM1,"CM2,"CM3"and"CM4"homologs"of"2–4"ringed"PAHs"relative"to"their"CM0"
parent"compounds"(naphthalenes,"fluorenes."phenanthrenes/anthracenes,"
dibenzothiophenes,"fluoranthenes/pyrenes,"and"chrysenes)"in"the"SPMD"samples"are"
chemically"consistent"with"a"crude"oil"source"rather"than"a"combusted"hydrocarbon"source."

3) Detected"PAHs"at"all"stations"are"consistent"with"relatively"fresh"sources"of"petroleum"
rather"than"an"older"weathered"hydrocarbon"source,"as"would"be"expected"from"the"30M40"
year"old"drill"cuttings"buried"in"the"shell"mounds.""

4) Although"the"shell"mounds"can"not"be"entirely"ruled"out"as"a"source"of"some"of"the"PAHs"
reported"in"this"study,"the"fact"that"the"SPMDs"deployed"over"the"thicker"areas"of"each"shell"
mound"at"Platforms"A"and"B,"where"the"highest"concentration"of"hydrocarbonMcontaining"
drill"cuttings"have"been"reported,"did"not"detect"higher"PAH"concentrations"than"those"
deployed"over"the"fringes"of"the"mounds"suggests"that"the"shell"mounds"are"not"the"primary"
source"of"detected"PAHs.""

5) Although"this"study"was"able"to"accurately"detect"very"low"(part"per"trillion)"concentrations"
of"PAHs"in"the"water"adjacent"to"Platforms"A"and"B,"as"well"as"at"the"two"control"sites,"the"
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proximity"of"natural"hydrocarbon"seeps"to"the"study"area"and"their"contribution"to"detected"
PAH"concentrations"prevented"this"study"from"definitively"differentiating"the"contribution,"
if"any,"made"by"the"shell"mounds"to"those"PAH"concentrations."""

6) Based"on"observed"PAH"concentrations"at"the"two"control"sites"and"the"dominance"of"unM
weathered"crude"oil"PAHs"in"study"results,"the"potential"contribution"of"any"shell"mound"
PAHs"to"observed"PAHs"can"be"assumed"to"be"very"low."

7) The"most"likely"source"of"PAHs"is"natural"oil"seepage,"which"is"prevalent"throughout"the"
Santa"Barbara"Channel"(Wilkinson,"1972;"Kraus"and"Estes,"1977;"Fisher,"1978;"Reed"and"
Kaplan,"1979,"Spies"et"al.,"1980;"Stuermer"et"al.,"1982"and"Quigley,"1997).""This"appears"
especially"true"at"near"Platform"A"where"seepage"has"been"previously"reported"(Allen"and"
Schlueter"1969).""

8) Finally,"PAH"concentrations"observed"in"the"water"column,"regardless"of"the"source"of"the"
PAHs,"were"more"than"an"order"of"magnitude"lower"than"regulatory"water"quality"
objectives"established"by"the"State"of"California"to"protect"marine"biota"and"human"health."
Consequently,"any"potential"contribution"of"PAHs"from"platform"shell"mounds"to"observed"
water"concentrations"of"PAHs"is"likely"very"small"and"probably"poses"no"appreciable"risk"to"
area"marine"biota."

"
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The&Department&of&the&Interior&Mission&

As"the"Nation's"principal"conservation"agency,"the"Department"of"the"Interior"
has"responsibility"for"most"of"our"nationally"owned"public"lands"and"natural"
resources."This"includes"fostering"sound"use"of"our"land"and"water"resources;"
protecting"our"fish,"wildlife,"and"biological"diversity;"preserving"the"
environmental"and"cultural"values"of"our"national"parks"and"historical"
places;"and"providing"for"the"enjoyment"of"life"through"outdoor"recreation."
The"Department"assesses"our"energy"and"mineral"resources"and"works"to"
ensure"that"their"development"is"in"the"best"interests"of"all"our"people"by"
encouraging"stewardship"and"citizen"participation"in"their"care."The"
Department"also"has"a"major"responsibility"for"American"Indian"reservation"
communities"and"for"people"who"live"in"island"territories"under"US"
administration."

"

"

"

The&Bureau&of&Ocean&Energy&Management&

As"a"bureau"of"the"Department"of"the"Interior,"the"Bureau"of"Ocean"Energy"
(BOEM)"primary"responsibilities"are"to"manage"the"mineral"resources"
located"on"the"Nation's"Outer"Continental"Shelf"(OCS)"in"an"environmentally"
sound"and"safe"manner."

"

"

" The&BOEM&Environmental&Studies&Program&

The"mission"of"the"Environmental"Studies"Program"(ESP)"is"to"provide"the"
information"needed"to"predict,"assess,"and"manage"impacts"from"offshore"
energy"and"marine"mineral"exploration,"development,"and"production"
activities"on"human,"marine,"and"coastal"environments."

"



DEFINITIONS

		(RL) = Reporting Limit.

		See below for definitions of possible flags and labels in the database (sheet tab 'DATA').

		There may be additional flags associated with these data; please see individual hard copy reports for a complete list of flags and definitions.

		FLAG		=		DEFINITION

		J		=		concentration less than lowest calibration equivalent

		K		=		peak detected but did not meet quantification criteria, result reported represents the estimated maximum possible concentration

		U		=		not detected at RL







DATA

		Report ID (sample designation in report)		Field Blank A						Field Blank B						Field Blank Control						Control A						ControlB						EST Spike						Platform A-2						Platform A-5						Platform A-1						Platform A-4						Platform A-3						Platform B-5						Platform B-1						Platform B-4						Lab Blank						N/A

		CLIENT_ID (sample designation on field data sheets)		Field Blank A 3 strips						Field Blank B 3 strips						Field Blank D 3 strips						Control 11 6 strips						Control 12 6 strips						spike Sample (EST) 6 strips						P/F A-1 6 strips 6 strips						P/F A-2 6 strips						P/F A-3 6 strips						P/F A-4 6 strips						P/F A-5 4 strips						P/F B-8 6 strips						 P/F B-9 6 strips						P/F B-10 6 strips						Lab Blank (101)						Spiked Matrix (102)

		Axys ID (sample designation at lab)		L20037-1						L20037-2						L20037-3						L20037-4						L20037-5						L20037-6						L20037-7						L20037-8						L20037-9						L20037-10						L20037-11						L20037-12						L20037-13						L20037-14						WG44484-101						WG44484-102

		WORKGROUP		WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484						WG44484

		Sample Size		1sample						1sample						1sample						1sample						1sample						1sample						1sample						1sample						1sample						1sample						1sample						1sample						1sample						1sample						1sample

		UNITS		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		ng/sample		ng/sample (RL)		flag		% Recovery		-

		Naphthalene		J		26.3		1.66		J		28.9		2.03		J		29		1.55		J		26.4		2.21		J		24		2.07		J		38.4		2.33		J		23.3		1.49		J		27.5		1.91		J		26.4		1.47		J		23.1		3.61		J		18.6		1.97		J		21.2		1.6		J		20.3		1.78		J		19.8		2.17		J		9.16		1.01				105

		Acenaphthylene		U				1.2		U				1.21		U				1.35		J		1.28		0.515		J		0.582		0.355		J		0.723		0.61		U				1.33		J		0.882		0.492		U				0.734		J		1.37		0.548		U				1.35		U				0.778		J		1.17		0.407		U				0.62		U				0.42				96.8

		Acenaphthene		J		1.7		0.918		J		1.46		0.842		J		1.12		0.843		J		3.76		1.29		J		2.54		1.04		J		1.41		0.666		J		3.08		1.03		J		3.53		1.27		J		2.53		0.955		J		2.44		0.921		J		2.37		0.824		J		2.52		1.88		J		3.29		1.88		J		2.77		1.65		U				1.02				107

		2-Methylfluorene		U				1.36		J		4.67		1.11		U				2.21		J		7.82		2.38		J		5.04		1.11		U				1.96		J		13.5		1.72		J		11.3		2.6		J		8.44		2.9		J		9.2		3.2		J		9.1		2.76		J		6.64		2.85		J		9.55		2.03		J		6.43		2.89		U				4.24				88.9

		C2 Phenanthrenes/Anthracenes				12.8		0.769				13.5		0.445				13.4		0.412				40.9		1.16				21.9		0.426				24.6		0.629				48.4		0.62				68.6		0.989				63.6		0.391				84.2		0.931				67.4		1.9				24.7		0.691				25.8		0.669				32.4		1.95		U				0.613

		Fluorene		J		2.04		0.848		J		1.68		0.938		J		1.78		0.771		J		7.28		1.24		J		4.42		0.398		J		2.99		0.963		J		3.98		1.03		J		4.36		1.29		J		4.47		1.46		J		4		1.79		J		2.51		1.03		J		3.48		1.82		J		3.87		1.64		J		4.05		1.48		U				0.475				76

		Phenanthrene		J		5.56		0.55		J		5.99		0.676		J		4.84		0.455		J		18.6		0.816		J		14.6		0.422		J		8.75		0.306		J		18.6		0.846		J		20.1		0.952		J		18.4		1.13		J		19.1		1.61		J		13.8		1.21		J		14.8		1.14		J		16.5		0.448		J		17.6		1.49		J		1.59		0.616				94.2

		Anthracene		U				0.584		U				0.718		J		0.511		0.482		J		1.86		0.866		J		1.38		0.448		J		0.509		0.325		J		1.68		0.898		J		1.07		1.01		J		1.34		1.2		U				1.71		U				1.29		U				1.21		J		1		0.476		J		20		1.59		U				0.654				92.1

		C1 Phenanthrenes/Anthracenes				1.74		0.748				1.51		0.755				3.86		0.566				13.2		1.58				8.85		0.785				5.15		0.909				22.3		0.916				20		0.893				24.1		1.25				22.4		1.77				19.7		0.697				11.6		0.889				11.6		0.759				13.8		1.35		U				0.854

		Fluoranthene		J		2.01		0.317		J		2.03		0.266		J		1.98		0.567		J		11.2		0.69		J		10.1		0.66		J		2.63		0.374		J		9.66		0.659		J		9.82		0.683		J		10.3		0.531		J		16.1		1.48		J		8.94		0.484		J		11.1		0.735		J		10.4		0.374		J		11.8		0.276		J		0.54		0.118				110

		Pyrene		J		1.51		0.311		J		1.75		0.261		J		1.59		0.556		J		8.1		0.676		J		6.58		0.646		J		1.8		0.366		J		8.01		0.646		J		6.9		0.669		J		9.08		0.521		J		10.1		1.45		J		6.27		0.475		J		8.07		0.72		J		6.91		0.366		J		8.25		0.271		J		0.613		0.115				110

		Benz[a]anthracene		J		0.403		0.199		U				0.339		U				0.509		J		0.947		0.753		U				0.808		U				0.543		J		0.945		0.805		J		0.709		0.578		J		1.15		0.762		U				1.03		U				0.776		J		1.68		1.01		U				0.916		U				1.1		U				0.314				98.8

		Chrysene		J		0.238		0.22		J		0.731		0.485		J		0.864		0.659		J		3.5		0.912		J		3.1		1.14		J		1.29		0.582		J		4.98		0.912		J		4.32		0.816		J		4.97		0.932		J		6.98		1.34		J		3.45		1.03		J		4.3		1.42		J		2.76		1.07		J		3.61		1.48		J		0.652		0.335				106

		Benzo[b]fluoranthene		U				0.634		U				1.14		U				0.653		U				0.889		U				0.852		U				1.3		U				1.16		U				1.23		J		1.3		1.18		J		2.23		1.68		U				1.19		U				1.22		U				1.18		U				1.97		U				0.524				91.1

		Benzo[j,k]fluoranthenes		U				0.739		U				1.35		U				0.742		U				1.12		U				0.966		U				1.51		U				1.34		U				1.43		U				1.35		U				1.92		U				1.33		U				1.37		U				1.39		U				2.32		U				0.588				90.5

		Benzo[e]pyrene		U				0.96		U				1.67		U				0.967		J		2.4		1.51		J		1.72		1.22		U				1.9		J		2.98		1.71		J		1.9		1.81		U				1.69		U				2.41		U				1.72		U				1.76		U				1.68		U				3.03		U				0.769				99.6

		Benzo[a]pyrene		U				1.04		U				1.81		U				1.05		U				1.64		U				1.32		U				2.05		U				1.85		U				1.96		U				1.83		U				2.61		U				1.86		U				1.91		U				1.81		U				3.29		U				0.832				103

		Perylene		U				0.986		U				1.77		U				0.999		J		5.05		1.53		J		2.86		1.28		U				2		J		4.29		1.78		J		6.01		1.96		J		5.2		1.81		J		6.87		2.59		J		2.7		1.73		J		4.6		1.83		J		2.95		1.84		J		5.7		3.15		J		0.929		0.797				96.7

		Dibenz[a,h]anthracene		U				0.574		U				2.55		U				1.21		U				2.03		U				0.604		U				1.63		U				1.1		U				1.7		U				1.53		J		1.14		0.975		U				1.24		U				1.27		U				1.33		U				2.66		U				0.749				102

		Indeno[1,2,3-cd]pyrene		U				0.629		J		0.554		0.495		U				0.645		J		1.53		1.14		J		1.01		0.797		U				2.94		U				0.785		U				0.519		U				0.559		J		1.16		1.16		U				1.18		J		0.973		0.772		U				0.822		J		2.07		1.48		J		2.09		1.04				97.7

		Benzo[ghi]perylene		U				0.571		J		0.898		0.439		J		1.27		0.625		U				1.03		U				0.764		U				2.96		U				0.764		J		1.42		0.518		J		0.635		0.56		J		3.47		1.18		U				1.21		J		0.929		0.763		U				0.87		U				1.55		U				0.977				98.6

		2-Methylnaphthalene		J		15.8		0.604		J		15.6		0.667		J		15.4		0.993		J		24.2		0.645		J		13.7		0.919		J		18.7		0.478		J		20.1		1.21		J		27.2		0.726		J		21.8		0.749		J		22.5		1.75		J		18.2		0.993		J		13.9		0.75		J		11.9		0.815		J		16.8		1.03		J		3.5		1.05				105

		1-Methylnaphthalene		J		7.35		0.632		J		8.52		0.698		J		7.96		1.04		J		15.2		0.675		J		8.06		0.962		J		9.96		0.5		J		14.6		1.27		J		18.8		0.759		J		14.2		0.784		J		15.4		1.83		J		11.9		1.04		J		8.81		0.784		J		7.98		0.852		J		9.16		1.08		J		1.69		1.1				106

		C1-Naphthalenes				23.2		0.604				24.1		0.667				23.4		0.993				39.3		0.645				21.7		0.919				28.7		0.478				34.7		1.21				46		0.726				36		0.749				37.9		1.75				30.1		0.993				22.7		0.75				19.9		0.815				26		1.03				5.2		1.05

		Biphenyl		J		4.19		0.68		J		4.23		0.861		J		4.91		0.583		J		6.4		0.799		J		4.89		0.627		J		5.82		0.785		J		4.89		0.752		J		5.74		0.642		J		3.93		0.635		J		6.33		1.16		J		5.04		0.716		J		4.37		0.7		J		4.23		0.57		J		3.77		0.853		J		2.65		0.969				102

		C1-Biphenyls				2.65		1.42				3.95		1.11				4.17		1.07				5.33		0.488				5.46		0.711				7.48		0.762				5.47		0.782				5.42		0.722				5.53		0.558				5.82		1.41				4.06		0.946				4.4		1.19				4.68		1.38				4.82		1.45				4.93		1.2

		C2-Biphenyls				7.42		1.18				7.1		1.21				11.1		1.13				9.84		0.705				8.49		0.219				8.25		0.78				13.4		0.655				12.7		0.974				14.6		0.997				18		1.53				10.2		0.482				10.1		0.723				10.7		0.234				9.55		0.695				1.8		1.01

		C2-Naphthalenes				36.2		1.44				36.2		1.49				35.6		2.17				130		1.27				51.6		2.29				43.6		1.14				127		2.09				175		1.67				115		1.85				144		4.1				119		1.81				68.6		2.61				53.1		1.94				70.9		1.77				3.71		2.85

		1,2-Dimethylnaphthalene		J		2.58		1.44		U				1.49		U				2.17		J		7.56		1.27		J		2.64		2.29		J		1.81		1.14		J		6.23		2.09		J		6.21		1.67		J		5.88		1.85		J		8.45		4.1		J		9.14		1.81		J		5.16		2.61		J		3.54		1.94		J		3.8		1.77		U				2.85				107

		2,6-Dimethylnaphthalene		J		5.6		1.18		J		6.57		1.22		J		6.13		1.78		J		28.4		1.04		J		9.54		1.88		J		8.01		0.938		J		27		1.72		J		37.1		1.37		J		20.7		1.52		J		27.2		3.36		J		25.3		1.48		J		12.5		2.14		J		13		1.59		J		12		1.45		U				2.34				105

		C3-Naphthalenes				15.3		0.919				13.2		1.59				17.2		2.17				172		1.94				41.6		1.13				17.9		0.381				163		1.59				190		1.93				154		2.13				164		4.99				167		1.41				59.5		1.05				57.5		1.74				73.7		1.31		U				1.32

		2,3,6-Trimethylnaphthalene		J		1.84		0.92		J		2.09		1.59		J		4.49		2.18		J		48.3		1.94		J		12.8		1.13		J		4.49		0.382		J		48.2		1.59				59.2		1.93		J		45.3		2.14				50.6		4.99				50.6		1.41		J		16.5		1.05		J		18.3		1.74		J		20.6		1.31		U				1.32				131

		2,3,5-Trimethylnaphthalene		J		2.57		0.918		J		2.57		1.58		J		3.39		2.17		J		33.6		1.94		J		8.91		1.13		J		3.26		0.381		J		37.2		1.59		J		40.6		1.93		J		31.6		2.13		J		33.7		4.98		J		34.2		1.4		J		13		1.05		J		13.3		1.74		J		14.4		1.31		U				1.32				126

		C4-Naphthalenes				13.2		2.11				9.91		1.28				2.52		2.03				68		0.7				28.4		1.82				9.48		0.587				110		3.26				85.2		1.77				98.9		1.29				110		2.39				83.6		0.544				36.9		1.32				37.1		0.593				38.4		1.78		U				1.5

		C1-Acenaphthenes		U				0.992		U				1.69		U				1.35				0.724		0.454		U				1.06		U				1.06		U				4.8				0.928		0.756		U				0.925		U				1.11		U				0.811		U				1.65		U				1.16		U				1.32		U				1.15

		C1-Fluorenes				13.9		1.36				13.7		1.11				18.4		2.21				24.8		2.38				30.3		1.11				18.2		1.96				43.5		1.72				54.4		2.6				45		2.9				44.3		3.2				32.9		2.76				29.9		2.85				42.8		2.03				28.7		2.89				7.32		4.24

		1,7-Dimethylfluorene		U				1.69		U				1.22		U				1.1		J		3.74		3.08		U				1.05		U				1.83		J		4.62		1.75		J		8.51		0.683		J		6.09		1.04		J		12.9		5.13		J		5.58		2.72		J		1.99		1.34		U				2.11		J		4.07		2.55		U				1.49				111

		C2-Fluorenes		U				1.69				1.89		1.22				1.89		1.1				25.9		3.08				13.2		1.05				4.11		1.83				44		1.75				58.7		0.683				50.3		1.04				45.1		5.13				40.3		2.72				19.6		1.34				29.1		2.11				30.6		2.55		U				1.49

		C3-Fluorenes				12.7		0.975				14.5		0.776				10.2		1.15				23		1.75				21		1.1				12.5		2.87				43.8		2.24				62.8		1.8				57.6		1.46				65.8		2.19				50		2.04				13.5		2.22				26.8		1.84				28.9		2.21				1.77		1.34

		Dibenzothiophene		J		1.88		0.521		J		1.35		0.794		J		1.97		0.747		J		5.64		0.299		J		3.06		0.979		J		3.31		0.702		J		4.45		0.645		J		7.53		0.643		J		5.66		0.62		J		9.86		0.901		J		5.05		1.01		J		3.17		1.37		J		4.79		0.752		J		5.26		0.386		J		2.34		0.212				101

		C1-Dibenzothiophenes		U				1.19				0.826		0.551				1.18		0.881				18.8		2.04				4.35		1.57				1.85		0.755				16.4		2.39				27.2		1.26				27.5		2.78				28.1		3.02				26		1.26				7.69		2.3				10.5		0.979				11.3		1.68		U				0.943

		2/3-Methyldibenzothiophenes		U				1.19		U				0.551		U				0.881		J		5.78		2.04		K J		3.28		1.57		U				0.755		K J		9.53		2.39		J		9.7		1.26		J		9.88		2.78		J		10		3.02		J		8.7		1.26		J		3.11		2.3		J		3.65		0.979		J		3.67		1.68		U				0.943				113

		C2-Dibenzothiophenes				7.56		0.395				5.66		0.615				5.83		1.03				43.6		0.655				20		0.856				8.32		0.607				56.7		1.09				64.8		0.893				60.2		0.781				79		2.5				59.1		0.965				23.2		0.647				22.1		0.463				24.4		1.23		U				0.455

		2,4-Dimethyldibenzothiophene		J		0.549		0.395		U				0.615		U				1.03		J		3.95		0.655		J		1.59		0.856		U				0.607		J		4.23		1.09		J		4.81		0.893		J		5.22		0.781		J		4.13		2.5		J		4.58		0.965		J		1.55		0.647		J		1.8		0.463		U				1.23		U				0.455				120

		C3-Dibenzothiophenes				3.11		0.464				10.5		0.967				9.12		1.38				32		0.801				17.6		0.685				15		1.87				41.8		1.29				48.6		0.873				45.6		1.38				53.4		0.949				49.5		0.842				23.4		0.862				17.9		0.529				20.8		7.42				3.61		0.82

		C4-Dibenzothiophenes				6.57		0.488				11.4		0.835				11.8		1.42				11.1		0.922				12		0.514				14.1		1.97				18.6		1.85				15.8		0.575				26		0.905				31.6		1.63				27.1		1.03				13.1		1.89				13.9		0.728				9.94		1.95				8.56		0.607

		3-Methylphenanthrene		U				0.762		U				0.77		U				0.578		U				1.61		U				0.801		U				0.927		U				0.935		U				0.911		U				1.28		U				1.8		J		0.86		0.711		U				0.907		U				0.774		U				1.37		U				0.871

		2-Methylphenanthrene		U				0.749		U				0.756		J		1.25		0.567		J		4.88		1.58		J		3.39		0.786		J		1.39		0.91		J		7.2		0.918		J		8.32		0.895		J		7.11		1.25		J		7.86		1.77		J		6.16		0.698		J		3.62		0.891		J		3.64		0.76		J		4.64		1.35		U				0.855				107

		2-Methylanthracene		J		1.74		0.792		J		1.51		0.8		J		1.53		0.6		U				1.67		J		2.19		0.832		J		2.51		0.963		J		3.05		0.971		K J		2.16		0.947		J		3.04		1.33		J		3.13		1.87		J		2.09		0.739		J		3.28		0.942		J		2.05		0.805		J		3.7		1.43		U				0.905				100

		9/4-Methylphenanthrene		U				0.762		U				0.77		U				0.578		J		1.82		1.61		U				0.801		U				0.927		J		1.46		0.935		J		1.21		0.911		J		2.05		1.28		U				1.8		U				0.711		U				0.907		J		0.968		0.774		U				1.37		U				0.871

		1-Methylphenanthrene		U				0.748		U				0.755		J		1.07		0.566		J		6.47		1.58		J		3.27		0.785		J		1.25		0.909		J		10.6		0.916		J		10.5		0.893		J		11.9		1.25		J		11.4		1.77		J		10.6		0.697		J		4.66		0.889		J		4.95		0.759		J		5.46		1.35		U				0.854				107

		3,6-Dimethylphenanthrene		U				0.772		J		0.527		0.446		J		0.91		0.414		J		2.74		1.16		J		1.33		0.427		J		1.04		0.632		J		4.6		0.623		J		4.97		0.994		J		1.02		0.393		J		4.75		0.935		J		5.19		1.9		J		2.01		0.694		J		2.14		0.672		J		2.94		1.96		U				0.616				114

		2,6-Dimethylphenanthrene		J		0.928		0.769		U				0.445		U				0.412		J		3.01		1.16		J		3.36		0.426		J		1.72		0.629		J		3.26		0.62		J		4.43		0.989		J		5		0.391		J		4.17		0.931		J		3.88		1.9		J		1.15		0.691		J		1.82		0.669		U				1.95		U				0.613

		1,7-Dimethylphenanthrene		U				0.765		J		0.731		0.443		J		0.548		0.411		J		3.87		1.15		J		2.23		0.424		U				0.626		J		6.19		0.617		J		9.02		0.985		J		10.2		0.389		J		11.2		0.927		J		9.17		1.89		J		2.25		0.688		J		4.75		0.666		J		5.23		1.94		U				0.611				117

		1,8-Dimethylphenanthrene		J		8.85		0.769		J		10.4		0.445		J		9.62		0.412		J		3.5		1.16		J		3.51		0.426		J		19.6		0.629		J		4.22		0.62		J		6.65		0.989		J		4.62		0.391		J		6.88		0.931		J		4.25		1.9		J		4.09		0.691		J		4.2		0.669		J		4.38		1.95		U				0.613

		C3-Phenanthrenes/Anthracenes				13		1.34				11.5		1.84				9.32		1.24				31.6		2.92				43.8		1.55				32.3		2.35				82.8		1.19				122		1.52				84.3		1.77				96.7		3.12				68.9		2.31				41.4		1.53				26.2		0.837				47.4		2.11		U				0.404

		1,2,6-Trimethylphenanthrene		U				1.34		U				1.84		U				1.24		U				2.92		U				1.55		U				2.35		J		1.85		1.19		J		3		1.52		J		2.87		1.77		J		4.07		3.12		J		2.97		2.31		U				1.53		J		1.52		0.837		U				2.11		U				0.404				121

		Retene		U				1.21		J		1.06		0.886		U				1.79		U				5.82		J		2.81		2.28		J		1.17		0.983		J		5.94		0.936		J		6.75		1.98		J		7.54		1.15		J		9.78		5.64		J		6.96		2.67		U				2.89		J		2.85		0.84		J		2.98		2.4		U				1.5				119

		C4-Phenanthrenes/Anthracenes				13.9		1.21				11.6		0.886				11.4		1.79				29.5		5.82				26.3		2.28				16.3		0.983				48.9		0.936				58.6		1.98				77.6		1.15				70.7		5.64				56		2.67				38.6		2.89				25		0.84				26.2		2.4				3.28		1.5

		C1-Fluoranthenes/Pyrenes				1.7		0.87				3.74		0.654				3.47		0.893				19.8		1.76				15.1		1.63				1.49		1.31				21.9		1.21				31.6		1.1				30.8		0.397				35.2		1.8				23.2		1.97				18.8		1.69				18.7		2.79				13.9		1.81		U				1.51

		3-Methylfluoranthene/Benzo[a]fluorene		U				0.87		J		0.694		0.654		U				0.893		J		5.47		1.76		J		4.19		1.63		U				1.31		J		5.29		1.21		J		7.84		1.1		J		8.91		0.397		J		9.33		1.8		J		6.56		1.97		J		3.53		1.69		J		4.3		2.79		J		4.36		1.81		U				1.51				112

		C2-Fluoranthenes/Pyrenes				2.26		0.652				3.01		0.686				2.88		0.694				19.3		1.04				23.7		1.16				4		1.16				22.6		0.656				33.3		1.13				40.9		1.16				43.7		1.92				34		0.821				19.6		0.788				22.6		1.11				23.1		1.18		U				0.944

		C3-Fluoranthenes/Pyrenes				6.05		1.34				2.48		1.34				2.51		1.75				17.7		3.05				11		1.33				1.81		1.2				26.6		3.39				36.2		2.47				20.8		3.84				26.6		5.22				24.1		2				18.5		1.65				13.7		1.68				15.5		2.62				1.46		0.378

		C4-Fluoranthenes/Pyrenes				1.74		1.01		U				0.686		U				2.94				4.19		2.45				6.7		1.36				3.64		0.81				7.87		1.97				4.54		1.77				5.11		2.05				4.01		2.64				10.8		1.54				5.17		1.14				8.12		1.39				5.02		2.03		U				0.755

		C1-Benzo[a]anthracenes/Chrysenes				1.29		0.479		U				1.94				0.746		0.673				5.85		1.71				3.17		0.812				0.669		0.627				6.69		0.848				8.86		0.918				7.1		0.926				8.88		1.74				7.48		0.804				4.37		1.1				5.42		1.64		U				1.65		U				0.351

		5/6-Methylchrysene		U				0.5		U				2.03		U				0.702		U				1.78		U				0.846		U				0.654		U				0.885		J		0.988		0.953		U				0.961		U				1.81		U				0.835		U				1.15		U				1.7		U				1.72		U				0.367				99

		1-Methylchrysene		U				0.46		U				1.87		U				0.647		U				1.64		U				0.779		U				0.602		J		0.919		0.815		U				0.885		U				0.893		U				1.68		J		1.05		0.775		U				1.06		U				1.58		U				1.59		U				0.338				97.8

		C2-Benzo[a]anthracenes/Chrysenes				1.5		0.856		U				1.18				2.18		2.12		U				3.99				2.22		1.68		U				1.6				11.5		1.51				12.1		2.93				13.4		2.01				13.5		2.02				11.6		1.2				2.45		1.49				5.18		2.77				7.26		3.03				0.511		0.467

		5,9-Dimethylchrysene		U				0.856		U				1.18		U				2.12		U				3.99		U				1.68		U				1.6		U				1.51		U				2.93		U				2.01		U				2.02		U				1.2		U				1.49		U				2.77		U				3.03		U				0.467				101

		C3-Benzo[a]anthracenes/Chrysenes				1.82		1.24				1.92		1.06		U				2.31				3.37		1.33				3.37		1.18				2.61		1.6				2.61		1.48				5.29		0.957				5.56		1.35				4.9		2.78				5.04		1.2				3.97		2.02				2.57		2.18				6.74		2.79				2.35		2.2

		C4-Benzo[a]anthracenes/Chrysenes		U				1.35		U				1.09				3.69		1.76		U				3.17		U				1.61				7.61		1.77				5.52		1.57				3.39		1.37				4.95		2.04		U				2.32				2.65		1.37		U				1.86		U				1.58				21.6		2.15		U				1.15

		C1-Benzofluoranthenes/Benzopyrenes				1.45		1.15				1.9		1.88		U				1.67				8.21		2.54				3.97		2.37				3.14		1.97				15.7		3.32				7.49		2.79				5.95		4.36				24.6		5.65				7.52		3.11				17.1		4.5				5.76		3.13				22.9		7.27		U				0.758

		7-Methylbenzo[a]pyrene		U				1.15		U				1.88		U				1.67		U				2.54		U				2.37		U				1.97		U				3.32		U				2.79		U				4.36		U				5.65		U				3.11		U				4.5		U				3.13		U				7.27		U				0.758				103

		C2-Benzofluoranthenes/Benzopyrenes		U				2.05				2.25		2.1				3.17		2.86				3.5		2.31				3.18		1.28				8.24		2.49				5.7		4.2				5.21		2.22				5.67		2.72				10.8		5.28				8.54		2.05				13		2.39				9.81		3.13		U				5.38		U				1.26

		1,4,6,7-Tetramethylnaphthalene		U				2.11		J		1.33		1.28		U				2.03		J		13.9		0.7		J		6.47		1.82		J		2.32		0.587		J		19		3.26		J		19		1.77		J		17.8		1.29		J		20.9		2.39		J		18.4		0.544		J		4.86		1.32		J		5.84		0.593		J		7.34		1.78		J		1.96		1.5				149

		Naphthalene d-8 (% Recovery)				57.3						65						59.2						70.3						63.4						61.2						52.7						70.6						66.3						37.7						55.3						62.9						67.2						73.2						41.5						30.7

		2-Methylnaphthalene d-10 (% Recovery)				66.3						73.5						69						79.7						74.7						73.9						67.7						81.6						78.8						45						65.5						73.8						80						86.1						47.1						37.1

		Biphenyl d-10 (% Recovery)				75.8						81.5						77.3						86.2						83.1						82.4						79.1						87.3						87.3						49.8						74.7						80.8						86.9						92.2						53.8						46.5

		2,6-Dimethylnaphthalene d-12 (% Recovery)				76						79.9						76.1						85.4						81.9						82.7						79.6						87.6						87.4						50						75.8						81.9						88.2						93.6						51.4						45.7

		Acenaphthylene d-8 (% Recovery)				81.4						85.3						83.1						90.9						89.3						88.5						86.4						92.5						92.5						52.9						80.7						85.2						91.5						95.1						56.1						50.5

		Dibenzothiophene d-8 (% Recovery)				89.8						92.7						88.9						102						100						99.9						96						96.8						97.3						52.6						85						95.2						105						110						71.5						72.6

		Phenanthrene d-10 (% Recovery)				99.9						104						99.9						113						110						111						107						107						107						58.1						95.9						105						116						119						81.4						83.8

		Benzo[a]anthracene d-12 (% Recovery)				98.7						92.7						96.1						81.6						90.1						89.1						88.4						92.8						93						54.1						89.9						85						92.4						81.9						95.3						94.2

		Chrysene d-12 (% Recovery)				93.6						89.8						91.2						77.9						84.6						83.6						83.1						87.5						89.2						51.3						84.1						80.4						86.4						76.8						94.6						91.8

		Benzo[b]fluoranthene d-12 (% Recovery)				103						103						101						100						103						101						100						104						106						58.7						98.9						98.8						105						106						105						103

		Benzo[k]fluoranthene d-12 (% Recovery)				108						105						106						103						105						105						102						107						106						60.6						101						99						107						105						113						111

		Benzo[a]pyrene d-12 (% Recovery)				99.5						99.9						94.2						90.5						98.9						97.9						97.2						101						102						57.4						95.8						93.4						101						93.4						98.2						97.6

		Perylene d-12 (% Recovery)				103						104						101						96.9						103						102						101						105						107						59.4						99.5						98.5						106						101						102						102

		Indeno[1,2,3-cd]pyrene d-12 (% Recovery)				105						104						102						79.6						105						104						108						110						113						61.7						103						100						109						81.9						98.2						100

		Benzo[ghi]perylene d-12 (% Recovery)				101						101						96.3						79.4						100						99.3						102						104						107						58						96.5						95.6						103						81.2						98.1						97.8

		Fluoranthene d-10 (% Rec)				100						113						117						109						101						127						99.6						98.3						95.3						96.8						94.9						106						102						117						100						99.4

		Anthracene d-10 (% Rec)				89						91.5						92.3						42.6						43.1						89.8						43.7						43.6						40.9						42.3						42.4						46.1						43.3						41.3						84.6						83.4








Appendix_all_conc

								Included in PAH Total

		Analyte		PAH group		Rings		This Study		Ocean Plan Water Quality Objective		PlatformA1_ng/L		PlatformA2_ng/L		PlatformA3_ng/L		PlatformA4_ng/L		PlatformA5_ng/L		PlatformB1_ng/L		PlatformB4_ng/L		PlatformB5_ng/L		ControlA_ng/L		ControlB_ng/L

		Naphthalene		Naphthalenes		2		x				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		C1-Naphthalenes		Naphthalenes		2		x				0.00		0.00		0.04		0.00		0.14		0.00		0.00		0.00		0.00		0.00

		C2-Naphthalenes		Naphthalenes		2		x				0.86		1.08		2.00		1.39		1.96		0.00		0.04		0.00		1.16		0.00

		C3-Naphthalenes		Naphthalenes		2		x				1.86		1.99		3.29		2.01		2.39		0.48		0.72		0.50		2.07		0.12

		C4-Naphthalenes		Naphthalenes		2		x				1.06		1.22		1.44		1.22		0.86		0.26		0.28		0.26		0.92		0.35

		Biphenyl		Biphenyl		2						0.00		0.00		0.01		0.02		0.00		0.00		0.00		0.00		0.00		0.00

		Acenaphthylene		Acenaphthylene		3				x		0.00		0.00		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.00

		Acenaphthene		Acenaphthene		3						0.00		0.00		0.01		0.00		0.01		0.02		0.01		0.00		0.04		0.02

		Fluorene		Fluorenes		3		x		x		0.01		0.00		0.00		0.00		0.01		0.01		0.02		0.01		0.07		0.02

		C1-Fluorenes		Fluorenes		3		x				0.36		0.34		0.37		0.35		0.50		0.34		0.13		0.14		0.00		0.01

		C2-Fluorenes		Fluorenes		3		x				0.71		0.62		0.85		0.64		0.83		0.38		0.40		0.24		0.33		0.15

		C3-Fluorenes		Fluorenes		3		x				0.50		0.30		0.74		0.62		0.58		0.00		0.02		0.00		0.06		0.03

		Anthracene		Phenanthrenes/Anthracenes		3		x		x		0.02		0.02		0.01		0.01		0.01		0.01		0.33		0.00		0.02		0.01

		Phenanthrene		Phenanthrenes/Anthracenes		3		x		x		0.16		0.16		0.18		0.17		0.19		0.11		0.13		0.08		0.18		0.11

		C1 Phenanthrenes/Anthracenes		Phenanthrenes/Anthracenes		3		x				0.30		0.28		0.38		0.28		0.25		0.13		0.16		0.13		0.09		0.02

		C2 Phenanthrenes/Anthracenes		Phenanthrenes/Anthracenes		3		x				0.57		0.35		1.13		0.88		0.65		0.00		0.09		0.00		0.22		0.00

		C4-Phenanthrenes/Anthracenes		Phenanthrenes/Anthracenes		3		x				1.11		0.51		1.21		0.96		0.71		0.11		0.13		0.39		0.21		0.14

		C3-Phenanthrenes/Anthracenes		Phenanthrenes/Anthracenes		3		x				0.93		0.90		1.23		1.12		1.53		0.05		0.39		0.30		0.21		0.40

		Dibenzothiophene		Dibenzothiophenes		3		x				0.08		0.06		0.09		0.16		0.11		0.08		0.09		0.05		0.07		0.03

		C1-Dibenzothiophenes		Dibenzothiophenes		3		x				0.41		0.24		0.58		0.42		0.41		0.14		0.16		0.10		0.26		0.04

		C2-Dibenzothiophenes		Dibenzothiophenes		3		x				0.67		0.61		1.08		0.94		0.73		0.16		0.20		0.18		0.47		0.13

		C3-Dibenzothiophenes		Dibenzothiophenes		3		x				0.66		0.60		1.06		0.77		0.70		0.01		0.05		0.09		0.26		0.05

		C4-Dibenzothiophenes		Dibenzothiophenes		3		x				0.37		0.24		0.55		0.47		0.19		0.00		0.00		0.00		0.00		0.00

		Fluoranthene		Fluoranthenes/Pyrenes		4		x				0.10		0.09		0.14		0.18		0.09		0.10		0.12		0.11		0.11		0.10

		Pyrene		Fluoranthenes/Pyrenes		4		x		x		0.10		0.08		0.10		0.11		0.06		0.06		0.08		0.07		0.08		0.06

		C1-Fluoranthenes/Pyrenes		Fluoranthenes/Pyrenes		4		x				0.43		0.29		0.48		0.50		0.44		0.18		0.11		0.18		0.21		0.14

		C2-Fluoranthenes/Pyrenes		Fluoranthenes/Pyrenes		4		x				0.58		0.29		0.73		0.62		0.46		0.27		0.27		0.22		0.22		0.29

		C3-Fluoranthenes/Pyrenes		Fluoranthenes/Pyrenes		4		x				0.19		0.30		0.46		0.30		0.48		0.19		0.22		0.28		0.26		0.14

		Benz[a]anthracene		Benz[a]anthracene		5				x		0.01		0.00		0.00		0.00		0.00		0.00		0.01		0.02		0.01		0.00

		Chrysene		Chrysenes		4		x		x		0.08		0.08		0.08		0.11		0.07		0.03		0.04		0.05		0.04		0.03

		C1-Chrysenes		Chrysenes		4		x				0.01		0.01		0.02		0.02		0.01		0.00		0.00		0.00		0.01		0.00

		C2-Chrysenes		Chrysenes		4		x				0.01		0.00		0.00		0.01		0.02		0.01		0.01		0.00		0.00		0.00

		Benzo[b]fluoranthene		Benzo[b]fluoranthene		5				x		0.01		0.00		0.01		0.03		0.00		0.00		0.00		0.00		0.00		0.00

		Benzo[j,k]fluoranthenes		Benzo[j,k]fluoranthenes		5				x		0.00		0.00		0.01		0.01		0.00		0.00		0.00		0.00		0.00		0.00

		Benzo[e]pyrene		Benzo[e]pyrene		5						0.01		0.05		0.01		0.01		0.03		0.00		0.00		0.00		0.04		0.02

		Benzo[a]pyrene		Benzo[a]pyrene		5				x		0.01		0.01		0.01		0.01		0.01		0.00		0.00		0.00		0.00		0.00

		Perylene		Perylene		5						0.09		0.07		0.06		0.12		0.10		0.04		0.08		0.07		0.09		0.05

		Indeno[1,2,3-cd]pyrene		Indeno[1,2,3-cd]pyrene		6				x		0.04		0.04		0.03		0.06		0.04		0.03		0.07		0.05		0.07		0.06

		Dibenz[a,h]anthracene		Dibenz[a,h]anthracene		5				x		0.01		0.01		0.01		0.02		0.01		0.00		0.00		0.00		0.00		0.00

		Benzo[ghi]perylene		Benzo[ghi]perylene		6				x		0.01		0.01		0.02		0.09		0.04		0.00		0.00		0.00		0.00		0.00

				PAH Total (this study)								12.30		10.87		18.44		14.64		14.63		3.20		4.37		3.53		7.80		2.51

				PAH Total (Ocean Plan)								0.46		0.42		0.45		0.63		0.45		0.26		0.68		0.29		0.49		0.30










Appendix_condensed_conc

		Analyte		PAH group		Rings		PlatformA1_ng/L		PlatformA2_ng/L		PlatformA3_ng/L		PlatformA4_ng/L		PlatformA5_ng/L		PlatformB1_ng/L		PlatformB4_ng/L		PlatformB5_ng/L		ControlA_ng/L		ControlB_ng/L

		Naphthalene		Naphthalenes		2		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		C1-Naphthalenes		Naphthalenes		2		0.00		0.00		0.04		0.00		0.14		0.00		0.00		0.00		0.00		0.00

		C2-Naphthalenes		Naphthalenes		2		0.86		1.08		2.00		1.39		1.96		0.00		0.04		0.00		1.16		0.00

		C3-Naphthalenes		Naphthalenes		2		1.86		1.99		3.29		2.01		2.39		0.48		0.72		0.50		2.07		0.12

		C4-Naphthalenes		Naphthalenes		2		1.06		1.22		1.44		1.22		0.86		0.26		0.28		0.26		0.92		0.35

		Fluorene		Fluorenes		3		0.01		0.00		0.00		0.00		0.01		0.01		0.02		0.01		0.07		0.02

		C1-Fluorenes		Fluorenes		3		0.36		0.34		0.37		0.35		0.50		0.34		0.13		0.14		0.00		0.01

		C2-Fluorenes		Fluorenes		3		0.71		0.62		0.85		0.64		0.83		0.38		0.40		0.24		0.33		0.15

		C3-Fluorenes		Fluorenes		3		0.50		0.30		0.74		0.62		0.58		0.00		0.02		0.00		0.06		0.03

		Anthracene		Phenanthrenes/Anthracenes		3		0.02		0.02		0.01		0.01		0.01		0.01		0.33		0.00		0.02		0.01

		Phenanthrene		Phenanthrenes/Anthracenes		3		0.16		0.16		0.18		0.17		0.19		0.11		0.13		0.08		0.18		0.11

		C1 Phenanthrenes/Anthracenes		Phenanthrenes/Anthracenes		3		0.30		0.28		0.38		0.28		0.25		0.13		0.16		0.13		0.09		0.02

		C2 Phenanthrenes/Anthracenes		Phenanthrenes/Anthracenes		3		0.57		0.35		1.13		0.88		0.65		0.00		0.09		0.00		0.22		0.00

		C4-Phenanthrenes/Anthracenes		Phenanthrenes/Anthracenes		3		1.11		0.51		1.21		0.96		0.71		0.11		0.13		0.39		0.21		0.14

		C3-Phenanthrenes/Anthracenes		Phenanthrenes/Anthracenes		3		0.93		0.90		1.23		1.12		1.53		0.05		0.39		0.30		0.21		0.40

		Dibenzothiophene		Dibenzothiophenes		3		0.08		0.06		0.09		0.16		0.11		0.08		0.09		0.05		0.07		0.03

		C1-Dibenzothiophenes		Dibenzothiophenes		3		0.41		0.24		0.58		0.42		0.41		0.14		0.16		0.10		0.26		0.04

		C2-Dibenzothiophenes		Dibenzothiophenes		3		0.67		0.61		1.08		0.94		0.73		0.16		0.20		0.18		0.47		0.13

		C3-Dibenzothiophenes		Dibenzothiophenes		3		0.66		0.60		1.06		0.77		0.70		0.01		0.05		0.09		0.26		0.05

		C4-Dibenzothiophenes		Dibenzothiophenes		3		0.37		0.24		0.55		0.47		0.19		0.00		0.00		0.00		0.00		0.00

		Fluoranthene		Fluoranthenes/Pyrenes		4		0.10		0.09		0.14		0.18		0.09		0.10		0.12		0.11		0.11		0.10

		Pyrene		Fluoranthenes/Pyrenes		4		0.10		0.08		0.10		0.11		0.06		0.06		0.08		0.07		0.08		0.06

		C1-Fluoranthenes/Pyrenes		Fluoranthenes/Pyrenes		4		0.43		0.29		0.48		0.50		0.44		0.18		0.11		0.18		0.21		0.14

		C2-Fluoranthenes/Pyrenes		Fluoranthenes/Pyrenes		4		0.58		0.29		0.73		0.62		0.46		0.27		0.27		0.22		0.22		0.29

		C3-Fluoranthenes/Pyrenes		Fluoranthenes/Pyrenes		4		0.19		0.30		0.46		0.30		0.48		0.19		0.22		0.28		0.26		0.14

		Chrysene		Chrysenes		4		0.08		0.08		0.08		0.11		0.07		0.03		0.04		0.05		0.04		0.03

		C1-Chrysenes		Chrysenes		4		0.01		0.01		0.02		0.02		0.01		0.00		0.00		0.00		0.01		0.00

		C2-Chrysenes		Chrysenes		4		0.01		0.00		0.00		0.01		0.02		0.01		0.01		0.00		0.00		0.00

				TOTAL				12.10		10.66		18.26		14.26		14.38		3.10		4.18		3.39		7.54		2.36









