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PUeIace

The presenW Zork is a chemomeWric e[ploraWion inWo Whe modeling and moniWoring of

enYironmenWal pollXWanWs in fish from SeaWWle ZaWerZa\s and Whe norWh Pacific Ocean. This Zas

moWiYaWed b\ a sense of responsibiliW\ for Whe sWeZardship of naWXre as a Zhole: WhaW Ze, as

hXmans, are specificall\ called Wo be carers and keepers among Whe resW of creaWion, and oXr

conWemporar\ scienWific XndersWanding of Whe Zorld alloZs Xs Wo more faiWhfXll\ and sXbsWanWiall\

fXlfill WhaW calling. While Whis research is a raWher niche pXrsXiW of chemisWr\ ZiWhin Whe broader

enYironmenWal sciences, a firmer XndersWanding of Whe Zorld and iWs ecos\sWems are reqXisiWe Wo

proWecW and remediaWe Whem. IW is a search for beWWer Za\s Wo Wrack, model, and moniWor

enYironmenWal pollXWanWs, in an efforW Wo ensXre Whe healWh of aqXaWic ecos\sWems. M\ response, in

aWWenWiYeness Wo Whe Zorld aroXnd Xs, is Wo pXrsXe science so WhaW Ze ma\ beWWer keep in honoring

Whe liYes of oWher creaWXres and Whe floXrishing of life on earWh. This Wo me, as someone Zho is

deepl\ inYolYed in Whe sciences, is parW of ZhaW iW means Wo liYe as a faiWhfXl ChriWsian in oXr Wime.
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AbVWUacW

Pol\c\clic aUomaWic h\dUocaUbonV (PAHV) conVWiWXWe a diYeUVe claVV of highl\ Wo[ic,

XbiTXiWoXV enYiUonmenWal pollXWanWV, and aUe WhXV of high inWeUeVW in enYiUonmenWal moniWoUing

and UegXlaWion. In WhiV VWXd\, biliaU\ VampleV of EngliVh VoleV PaURSKU\V YHWXOXV and VmallmoXWh

baVV MLcURSWHUXV GRORPLHX fUom SeaWWle ZaWeUZa\V, and chXm Valmon OQcKRU\QcKXV NHWa fUom

Whe noUWh Pacific Ocean ZeUe anal\]ed b\ high peUfoUmance liTXid chUomaWogUaph\ ZiWh

flXoUeVcence deWecWion (HPLC-FLD) Wo gaXge PAH e[poVXUe. SampleV ZeUe pUofiled in WhUee

bUoad molecXlaU ZeighW caWegoUieV, Wo capWXUe naphWhalene-like (NAPH), phenanWhUene-like

(PHEN), and ben]o[a]p\Uene-like (BAP) meWaboliWeV. While TXanWificaWion ZaV noW achieYed foU

Whe chXm Valmon, Whe Vemi-TXanWiWaWiYe meaVXUemenWV of biliaU\ PAH meWaboliWeV in EngliVh VoleV

and VmallmoXWh baVV UeYealed diffeUenceV in e[poVXUe beWZeen Whe WZo VpecieV. The fiVh alVo

e[hibiWed geneUall\ loZeU leYelV of BAP Whan NAPH and PHEN. PUincipal componenW anal\ViV

(PCA) of Whe bile daWa ZaV able Wo capWXUe diffeUenceV in chUomaWogUam pUofileV beWZeen all WhUee

VpecieV foU each PAH meWaboliWe gUoXp. Finall\, Whe PAH meWaboliWe concenWUaWionV of Whe

VmallmoXWh baVV ZeUe modeled and pUedicWed XVing paUWial leaVW-VTXaUeV (PLS) UegUeVVion modelV

applied Wo WheiU HPLC-FLD chUomaWogUam daWa. The leaYe-one-oXW cUoVV YalidaWion modelV ZeUe

able Wo make faiUl\ accXUaWe pUedicWionV of BAP (R2 = 0.9483) and PHEN (R2 = 0.9394)

concenWUaWionV bXW peUfoUmed VlighWl\ ZoUVe ZiWh Whe NAPH daWa (R2 = 0.8944). TheVe UeVXlWV

indicaWe Whe poWenWial foU aXWomaWed chemomeWUic VcUeening of bile daWa Wo deWeUmine PAH

conWaminaWion in fiVh.

IQWURdXcWLRQ

Pol\c\clic aUomaWic h\dUocaUbonV (PAHV) conVWiWXWe a laUge and diYeUVe claVV of oUganic compoXndV WhaW

aUe alVo XbiTXiWoXV enYiUonmenWal pollXWanWV1-2. PAHV aUe pUodXced Wo Vome e[WenW dXUing naWXUal

occXUUenceV VXch aV Yolcanic eUXpWionV and oil VeepV, bXW moVWl\ oUiginaWe in indXVWUial pUoceVVeV and
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oWheU anWhUopogenic acWiYiWieV inYolYing Whe incompleWe combXVWion of fXelV and oUganic maWeUialV, aWop

oil Vpillage eYenWV3-4. TheVe compoXndV aUe W\picall\ h\dUophobic and adVoUb VWUongl\ Wo oUganic

paUWicleV. FUeVhZaWeU and maUine VedimenWV WheUefoUe acW aV PAH VinkV, and man\ VWXdieV haYe e[amined

Whe faWe and effecWV of PAHV in aTXaWic enYiUonmenWV, eVpeciall\ WhoVe neaU XUban aUeaV5. In WhoVe

enYiUonmenWV, VpecieV can be e[poVed Wo PAHV in ZaWeU oU VedimenW b\ conWacW oU diUecW ingeVWion. PAHV

aUe highl\ Wo[ic, and eleYaWed enYiUonmenWal PAH leYelV haYe been VWUongl\ linked ZiWh incUeaVed

occXUUenceV of caUcinogenic, mXWagenic, WeUaWogenic, and immXnoWo[ic effecWV in fiVh5-6. WiWh a hoVW of

VXch deleWeUioXV pUopeUWieV, PAHV aUe of high inWeUeVW in enYiUonmenWal UegXlaWion and Whe moniWoUing of

aTXaWic ecoV\VWemV. ThiV pUeVenW VWXd\ conVideUV EngliVh VoleV PaURSKU\V YHWXOXV and VmallmoXWh baVV

MLcURSWHUXV GRORPLHX of SeaWWle ZaWeUZa\V, WZo UegXlaUl\ moniWoUed VpecieV, Wo meaVXUe PAH e[poVXUe

Wo fiVh in XUban aUeaV. AddiWionall\, chXm Valmon OQcKRU\QcKXV NHWa of Whe noUWh Pacific Ocean ZeUe

VcUeened Wo capWXUe poVVible PAH e[poVXUe aW Vea.

PAH leYelV in Whe aTXaWic enYiUonmenW iWVelf can be meaVXUed in Whe VedimenW and ZaWeU, hoZeYeU

meaVXUing Whe e[poVXUe of fiVh Wo PAHV iV moUe complicaWed. FiVh and oWheU aTXaWic YeUWebUaWeV Uapidl\

meWaboli]e PAHV7, Vo accXmXlaWion in WiVVXeV iV loZ, and WiVVXe PAH leYelV Wend Wo coUUelaWe pooUl\ ZiWh

e[poVXUe8. InVWead, bile iV Whe majoU e[cUeWion UoXWe foU bioWUanVfoUmed PAH meWaboliWeV, and Vo biliaU\

PAH meWaboliWe leYelV aUe XVed Wo gaXge e[poVXUe in fiVh VampleV. ThiV biliaU\ daWa can pUoYide YiWal

infoUmaWion aboXW Whe VeYeUiW\ of e[poVXUe and Whe geogUaphic Vcope of pollXWion, and conWinXed

moniWoUing aidV in mainWenance oU WUacking UemediaWion. Since PAHV aUe highl\ flXoUeVcenW, bile VampleV

in WhiV UepoUW ZeUe VcUeened XVing high peUfoUmance liTXid chUomaWogUaph\ ZiWh flXoUeVcence deWecWion

(HPLC-FLD). YeW WheUe aUe coXnWleVV PAH meWaboliWeV, and YeU\ feZ of WheVe compoXndV haYe VWandaUdV.

To accoXnW foU WhiV, TXanWificaWion iV made in WhUee bUoad caWegoUieV aW diffeUenW flXoUeVcence

e[ciWaWion/emiVVion paiUV Wo VelecWiYel\ meaVXUe PAH meWaboliWeV in diffeUenW molecXlaU ZeighW UangeV: a)

naphWhalene-like meWaboliWeV (NAPH) Wo UepUeVenW Whe loZ molecXlaU ZeighW Uange, b) phenanWhUene-like

meWaboliWeV (PHEN) Wo UepUeVenW Whe mid-Uange molecXlaU ZeighWV, and c) ben]o[a]p\Uene-like

meWaboliWeV (BAP) Wo UepUeVenW Whe higheU molecXlaU ZeighW Uange9. In Whe chUomaWogUamV, flXoUeVcenW
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peakV can inclXde Whe paUenW PAH compoXnd, WheiU meWaboliWeV, alk\laWed deUiYaWiYeV of boWh, and

pol\c\clic aUomaWic compoXndV conWaining niWUogen, VXlfXU, oU o[\gen10. PAH meWaboliWe concenWUaWionV

aUe When deWeUmined Vemi-TXanWiWaWiYel\ b\ calibUaWing Whe VXm of peak aUeaV againVW a Vpiked VWandaUd of

a paUenW PAH compoXnd.

AfWeU TXanWificaWion, Whe bile chUomaWogUamV ZeUe VXbjecWed Wo pUincipal componenW anal\ViV

(PCA). PCA ZoUkV b\ maWhemaWicall\ idenWif\ing Whe gUeaWeVW VoXUceV of YaUiaWion in a giYen daWa VeW and

UedXcing Whe dimenVionaliW\ of Whe daWa Zhile UeWaining WhoVe YaUiaWionV in feaWXUeV called pUincipal

componenWV (PCV). The fiUVW PC Zill capWXUe Whe gUeaWeVW VoXUce of YaUiaWion in Whe daWa, and eYeU\ PC

WheUeafWeU Zill e[plain leVV of Whe YaUiaWion. Applied Wo Whe bile daWa, PCA Zill idenWif\ Whe UeWenWion WimeV

ZheUe peak inWenViWieV YaU\ moVW. PCA and oWheU clXVWeUing anal\VeV haYe pUeYioXVl\ been XVed Wo pUofile

biliaU\ VampleV of fiVh fUom diffeUenW habiWaWV, locaWionV, and VoXUceV of PAH e[poVXUe11, and alVo Wo

idenWif\ ke\ PAH meWaboliWeV in Whe bile12.

Finall\, paUWial leaVW-VTXaUeV (PLS) anal\ViV ZaV applied Wo Whe VmallmoXWh baVV chUomaWogUamV

ZiWh Whe pXUpoVe of cUeaWing a model WhaW can pUedicW biliaU\ PAH meWaboliWe concenWUaWionV. PLS ZoUkV,

in WhiV caVe, b\ maWhemaWicall\ loading UeWenWion WimeV aW Zhich Whe Vignal inWenViW\ coUUelaWeV ZiWh

YaUiaWionV in Whe PAH meWaboliWe concenWUaWion. FeZ ZoUkV haYe conVideUed PLS in pUedicWing PAH

meWaboliWe concenWUaWionV WhUoXgh bile. Some VWXdieV haYe XVed PLS Wo pUedicW PAH conWenW in

cUXVWaceanV WhUoXgh WiVVXe and paVViYe VampleUV13-14, and one VWXd\ haV XVed PLS Wo meaVXUe PAH

e[poVXUe b\ Whe bile pUoWeome pUofileV UaWheU Whan Whe flXoUeVcence daWa15. In an\ caVe, a model WhaW can

accXUaWel\ pUedicW PAH concenWUaWionV baVed on chUomaWogUamV ma\ haYe applicaWionV in Whe conWinXoXV

and long-WeUm enYiUonmenWal moniWoUing of Vpecific VpecieV and aUeaV of inWeUeVW.

E[SeULPeQWaO MeWKRdV

All fiVh VpecimenV ZeUe UeWUieYed in SeaWWle, WA. EngliVh VoleV (Q = 3) ZeUe collecWed in JXne 2019 fUom

M\UWle EdZaUdV PaUk, EllioW Ba\. SmallmoXWh baVV (Q = 14) ZeUe collecWed in SepWembeU 2019 fUom Whe
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Lake WaVhingWon, SR 520 floaWing bUidge ZeVW high-UiVe. ViVceUa fUom fUeVh, Zild-caXghW chXm Valmon (Q

= 30) ZeUe obWained fUom IndependenW PackeUV CoUp., in OcWobeU 2020. Bile VampleV ZeUe e[WUacWed fUom

fiVh gall bladdeUV XVing a V\Uinge. The Vample maWUiceV ZeUe kepW on ice XnWil deliYeU\ Wo Whe King CoXnW\

EnYiUonmenWal LaboUaWoU\ (SeaWWle, WA), ZheUe Whe\ ZeUe fUo]en aW í20 �C XnWil anal\ViV.

All bile VampleV ZeUe When dilXWed b\ a facWoU of 10 and anal\]ed on an AgilenW (SanWa ClaUa, CA)

1290 InfiniW\ II LC V\VWem eTXipped ZiWh an AgilenW 1260 InfiniW\ flXoUeVcence deWecWoU. SepaUaWionV

ZeUe achieYed in a C18 UeYeUVed-phaVe colXmn (S\neUgi� 4 �m H\dUo-RP 150 î 4.6mm, Phenomene[,

ToUUance, CA). The mobile phaVe conViVWed of a gUadienW fUom 100% ZaWeU Wo 100% meWhanol oYeU 15

minXWeV, When a 7-minXWe hold aW 100% meWhanol, and finall\ a UeWXUn Wo 100% ZaWeU oYeU 3 minXWeV, foU a

WoWal UXn-Wime of 25 minXWeV. Each VXbVeTXenW UXn ZaV folloZed b\ a Ue-eTXilibUaWion Wime of 10 minXWeV.

EYeU\ bile Vample ZaV VXbjecWed Wo WhUee VepaUaWe UXnV ZiWh diffeUenW e[ciWaWion/emiVVion paiUV foU

ben]o[a]p\Uene-like (BAP, 380/430 nm), phenanWhUene-like (PHEN, 256/380 nm), and naphWhalene-like

(NAPH, 290/335 nm) meWaboliWeV. AddiWionall\, Whe pUoWein conWenW of each Vample ZaV deWeUmined XVing

a PieUce� CoomaVVie (BUadfoUd) PUoWein AVVa\ kiW (TheUmo ScienWific, WalWham, MA).

FoU Whe EngliVh Vole and VmallmoXWh baVV VampleV, Whe flXoUeVcenW peak aUeaV fUom each

e[ciWaWion/emiVVion paiU ZeUe VXmmed and calibUaWed againVW Whe UeVponVe of Whe paUenW PAH compoXnd Wo

obWain Vemi-TXanWiWaWiYe meaVXUemenWV of each PAH meWaboliWe eTXiYalenW. TheVe concenWUaWionV ZeUe

noUmali]ed b\ Whe pUoWein conWenW of Whe coUUeVponding Vample.

FoU fXUWheU daWa anal\ViV, Whe chUomaWogUaphic daWa ZaV impoUWed inWo MATLAB R2020b

(MaWhWoUkV, Inc., NaWick, MA) eTXipped ZiWh PLS_Toolbo[ 8.9 (EigenYecWoU ReVeaUch, Inc., ManVon,

WA). FoU iniWial pUepUoceVVing, all chUomaWogUamV ZeUe noUmali]ed accoUding Wo Whe coUUeVponding

pUoWein concenWUaWion in each Vample, When baVeline-coUUecWed and mean-cenWeUed. DaWa fUom all WhUee fiVh

VpecieV ZeUe VXbmiWWed Wo PCA in a Vingle maWUi[. FoU WhiV VXbmiVVion, Whe high-denViW\ EngliVh Vole and

VmallmoXWh baVV daWa ZeUe VmooWhed b\ a bo[caU aYeUageU and UedXced b\ keeping onl\ eYeU\ 8Wh Vignal

Wo fiW on an aUUa\ ZiWh Whe leVV denVe chXm Valmon daWa. The daWa ZeUe VXbmiWWed Wo PCA in 2D aUUa\V,

ZheUein each UoZ coUUeVponded Wo Whe chUomaWogUam of one bile Vample. LaVWl\, PLS ZaV applied Wo Whe
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non-VmooWhed and non-UedXced VmallmoXWh baVV daWa (SIMPLS algoUiWhm), XVing leaYe-one-oXW cUoVV

YalidaWion. TZo laWenW YaUiableV (LVV) ZeUe kepW foU Whe BAP and PHEN modelV, Zhile 4 LVV ZeUe XVed

in Whe NAPH model. All calcXlaWionV ZeUe UepeaWed foU each PAH meWaboliWe eTXiYalenW

e[ciWaWion/emiVVion paiU.

ReVXOWV aQd DLVcXVVLRQ

BefoUe an\ WUeaWmenW of UeVXlWV, iW VhoXld be noWed WhaW Whe concenWUaWion of PAH meWaboliWeV in chXm

Valmon ZeUe noW obWained, and aV VXch Zill noW appeaU in WhiV UepoUW. The chXm Valmon VampleV ZeUe

collecWed in OcWobeU 2020, anal\]ed in FebUXaU\ 2021, When UefUo]en. AfWeU WZo monWhV, VelecW VampleV

ZeUe Vpiked ZiWh VWandaUd PAH paUenW compoXndV and Ueanal\]ed, alWhoXgh ZiWh a neZ colXmn.

Replacing Whe colXmn ZaV neceVVaU\ Vince Whe lifeVpan of Whe old colXmn ZaV VhoUWened b\ Whe bile

VampleV clogging Whe inVWUXmenW. IW ZaV When diVcoYeUed WhaW Whe Vame VampleV UeVponded and VepaUaWed

diffeUenWl\ on Whe WZo colXmnV (Vee SXpplemenWaU\ InfoUmaWion, FigXUe S1). ThXV Whe VWandaUd pUepaUed

on Whe neZ colXmn coXld noW be XVed Wo deWeUmine PAH concenWUaWionV baVed on Vample peak UeVponVeV

fUom Whe old colXmn. FXUWheUmoUe, iW ZaV deemed XnfeaVible Wo Ueanal\]e all Whe chXm Valmon VampleV on

Whe neZ colXmn dXe Wo Wime conVWUainWV and fUeTXenW clogging. The UeaVon foU Whe diffeUence in UeVponVe iV

cXUUenWl\ XnknoZn. While indeed Vome degUee of YaUiaWion iV e[pecWed beWZeen an oldeU, ZoUn colXmn

and a neZeU one, boWh colXmnV ZeUe of Whe Vame model and make. IW iV poVVible WhaW Whe UepeaWed WhaZing

and fUee]ing of Whe chXm Valmon VampleV alVo alWeUed Whe Vample maWUiceV Wo Vome e[WenW. HoZeYeU,

accoUding Wo one VWabiliW\ e[peUimenW, PAH meWaboliWeV VhoXld Uemain VWable in Whe bile maWUi[ foU aW leaVW

13 monWhV16 aW í20 �C. In Whe Vame VWXd\, no VignificanW changeV in PAH meWaboliWe concenWUaWionV ZeUe

obVeUYed eYen afWeU 2 monWhV aW +40 �C. The chXm Valmon VampleV clogged moUe Ueadil\ in Whe neZ

colXmn, Vo peUhapV Vome moiVWXUe loVV occXUUed in Whe moUe loZ-YolXme, high VXUface-aUea VampleV. YeW,

WhiV Woo ZoXld noW e[plain Whe e[WenW of changeV beWZeen Whe old and neZ VcanV. IW ma\ be ZoUWh pXUVXing

anoWheU VWabiliW\ e[peUimenW WhaW inYolYeV UepeaWed fUee]ing and WhaZing of bile VampleV oYeU YaUioXV Wime
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inWeUYalV. In an\ caVe, Whe ke\ WakeaZa\ fUom WhiV ViWXaWion iV Wo minimi]e and Uemain conVcioXV of

poVVible VoXUceV of YaUiaWion, like VXch Wime-, VWoUage-, and inVWUXmenW-UelaWed paUameWeUV.

TabOe 1. CRQceQWUaWLRQV Rf BLOLaU\ PAH MeWabROLWe ETXLYaOeQWV LQ EQJOLVK SROeV

Sample
[PUoWein]

(mg/mL bile)
[BAP eTXiY.]

(�g/mg pUoWein)
[PHEN eTXiY.]
(�g/mg pUoWein)

[NAPH eTXiY.]
(�g/mg pUoWein)

ES 1 1.40 0.10 1.14 0.96

ES 2 0.31 1.03 10.60 9.49

ES 3 0.34 1.02 5.33 7.26

TabOe 2. CRQceQWUaWLRQV Rf BLOLaU\ PAH MeWabROLWe ETXLYaOeQWV LQ SPaOOPRXWK BaVV

Sample
[PUoWein]

(mg/mL bile)
[BAP eTXiY.]

(�g/mg pUoWein)
[PHEN eTXiY.]
(�g/mg pUoWein)

[NAPH eTXiY.]
(�g/mg pUoWein)

SMB 1 1.43 0.21 1.74 2.05

SMB 2 2.33 0.11 0.44 1.20

SMB 3 0.65 0.23 1.57 2.88

SMB 4 1.43 0.07 0.59 0.92

SMB 5 0.55 0.54 3.75 5.30

SMB 6 1.43 0.93 4.95 5.69

SMB 7 0.52 1.01 4.56 4.58

SMB 8 0.61 0.23 1.28 2.15

SMB 9 0.95 0.33 1.62 2.16

SMB 10 1.00 0.71 3.01 3.64

SMB 11 15.08 0.01 0.05 0.12

SMB 12 0.78 0.49 1.96 2.95

SMB 13 0.75 0.27 1.63 2.43

SMB 14 0.95 0.52 2.98 2.60
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Semi-TXanWiWaWiYe meaVXUemenWV of PAH concenWUaWionV in Whe EngliVh VoleV and VmallmoXWh baVV

aUe feaWXUed in TableV 1 and 2, and UepoUWed in �g of PAH meWaboliWeV peU mg of pUoWein in Whe bile. BiliaU\

leYelV of flXoUeVcenW aUomaWic compoXndV aUe laUgel\ affecWed b\ Whe feeding VWaWXV of indiYidXal fiVh, and

noUmali]ing Whe daWa accoUding Wo pUoWein conWenW can accoXnW foU WheVe diffeUenceV in feeding VWaWXV17-18.

BaVed on Whe concenWUaWion WableV alone, Whe EngliVh Vole bile VampleV geneUall\ appeaU Wo haYe gUeaWeU

PAH concenWUaWionV Whan Whe VmallmoXWh baVV. ThiV iV Wo be e[pecWed. PAHV aUe W\picall\ inVolXble in

ZaWeU and Ueadil\ adVoUb Wo fUeVhZaWeU and maUine VedimenWV. EngliVh VoleV aUe benWhic fiVh and WhXV haYe

a gUeaWeU chance of e[poVXUe Wo PAHV WhUoXgh VedimenW, Zhile VmallmoXWh baVV liYe and feed higheU in

Whe ZaWeU colXmn. TheVe VampleV ZeUe collecWed in a meWUopoliWan aUea, Vo aW leaVW Vome PAH e[poVXUe

foU boWh VpecieV iV ZaUUanWed. IW alVo appeaUV WhaW Whe fiVh Wend Wo haYe loZeU leYelV of BAP-like

meWaboliWeV Whan Whe NAPH- and PHEN-like meWaboliWeV. The likelihood of e[poVXUe Wo laUgeU PAHV like

BAP iV loZeU Whan Whe oWheU WZo gUoXpV, Vince Whe aTXeoXV VolXbiliW\ of PAHV decUeaVeV ZiWh molecXlaU

ZeighW19. BAPV and oWheU laUge PAHV can VWill aWWach Wo Whe VedimenW, Vo WhiV ma\ e[plain Whe fUacWionall\

higheU leYelV of BAP in Whe EngliVh VoleV compaUed Wo Whe VmallmoXWh baVV. Indeed, Whe PAH

concenWUaWion daWa ma\ capWXUe habiWaWional diffeUenceV beWZeen Whe EngliVh VoleV and VmallmoXWh baVV,

alWhoXgh moUe EngliVh Vole VampleV ZoXld be helpfXl in Volidif\ing WheVe WUendV.

The noUmali]ed HPLC-FLD chUomaWogUamV foU all WhUee fiVh VpecieV aW each e[ciWaWion/emiVVion

paiU and depicWed in FigXUeV 1A (BAP), 1B (PHEN), and 1C (NAPH). ChUomaWogUamV foU Whe indiYidXal

VpecieV aUe in FigXUeV S2-S4. FoXU of Whe chXm Valmon VampleV UepeaWedl\ clogged Whe oUiginal colXmn,

Vo chUomaWogUam daWa foU onl\ 26 of Whe 30 collecWed VampleV appeaU. AW WheiU UeVpecWiYe

e[ciWaWion/emiVVion paiUV, VWandaUd ben]o[a]p\Uene iV e[pecWed Wo elXWe aW a19.4 min, VWandaUd

phenanWhUene iV e[pecWed Wo elXWe aW a16.8 min, and VWandaUd naphWhalene iV e[pecWed Wo elXWe aW a15.5

min. The chUomaWogUamV in FigXUe 1 do noW haYe diVcUeWe peakV foU WheVe paUenW compoXndV, aV mXch of iW

elXWeV eaUlieU in Whe foUm of meWaboliWeV and oWheU deUiYaWiYe VWUXcWXUeV.

While Whe PAHV in Whe chXm Valmon VampleV coXld noW be TXanWified, a UoXgh idea of WheiU

UelaWiYe PAH conWenW can be gaWheUed WhUoXgh TXaliWaWiYel\ compaUing WheiU noUmali]ed chUomaWogUamV
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FLJXUe 1. The oYeUlaid, noUmali]ed chUomaWogUamV of all WhUee VpecieV aW (A) BAP e[/em 380/430 nm,

(B) PHEN e[/em 256/380 nm, and (C) NAPH e[/em 290/335 nm.
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ZiWh WhoVe of Whe oWheU WZo VpecieV. Of Whe 26 chXm Valmon VampleV WhaW appeaU in FigXUe 1, YeU\ feZ

appeaU Wo haYe peak aUeaV compaUable Wo WhaW of Whe EngliVh VoleV and VmallmoXWh baVV. ThiV feaWXUe iV

moVW pUonoXnced in Whe BAP VcanV (FigXUe 1A), ZheUe eYen Whe moVW popXlaWed chXm Valmon

chUomaWogUamV haYe UaWheU Vmall peak aUeaV. On Whe oWheU hand, chXm Valmon haYe moUe flXoUeVcing

peakV in Whe PHEN (FigXUe 1B) and NAPH (FigXUe 1C) VcanV. ThiV ma\ indicaWe geneUall\ higheU biliaU\

leYelV of VmalleU PAHV, oZing Wo Whe decUeaVed VolXbiliW\ of laUge PAHV, mXch like ZhaW ZaV obVeUYed in

Whe oWheU WZo VpecieV. PeUceiYed peak aUea foU Whe chXm Valmon iV VWill compaUaWiYel\ Vmall Wo Whe oWheU

fiVh in Whe NAPH VcanV, bXW moUe of Whe PHEN chUomaWogUamV appeaU Wo be popXlaWed. NeYeUWheleVV, Whe

chXm Valmon appeaU Wo haYe loZeU PAH leYelV Whan Whe oWheU WZo VpecieV all aUoXnd. ThiV iV Wo be

e[pecWed²ZheUeaV Whe EngliVh Vole and VmallmoXWh baVV VpecimenV ZeUe collecWed diUecWl\ in a

meWUopoliWan aUea, Whe chXm Valmon ZeUe caXghW in Whe noUWh Pacific Ocean, ZheUe PAH e[poVXUe iV leVV

likel\. IW iV ZoUWh conVideUing WhaW chXm Valmon aUe migUaWoU\ fiVh and can be e[poVed Wo PAHV if Whe\

migUaWe WhUoXgh XUban eVWXaUieV, Zhich mighW e[plain Whe feZ VampleV WhaW Veem Wo be moUe conWaminaWed.

OXWmigUanW jXYenile chXm Valmon haYe pUeYioXVl\ e[hibiWed eleYaWed biliaU\ PAH leYelV20-21, alWhoXgh

VpecimenV in VXch VWXdieV ZeUe collecWed fUom XUban ZaWeUZa\V UaWheU Whan Whe open ocean. The moUe

PAH-e[poVed chXm Valmon in WhiV UepoUW coXld haYe UecenWl\ WUaYeled fUom conWaminaWed fUeVhZaWeU

ViWeV. HoZeYeU, Whe maWXUiW\ and fUeVhZaWeU oUigin of Whe chXm Valmon in WhiV pUeVenW VWXd\ aUe XnknoZn,

Vo WhiV iV meUe VpecXlaWion of Whe conWaminaWion VoXUce. In VXm, Whe chXm Valmon VampleV aUe e[pecWed Wo,

and appeaU Wo be leVV conWaminaWed Whan Whe oWheU WZo VpecieV.

All Whe pUeceding TXaliWaWiYe obVeUYaWionV aUe UaWheU WUoXbleVome Wo make, dXe Wo Whe diVWincW

chUomaWogUam pUofileV of each fiVh VpecieV. AW Whe Vame Wime, Whe eaVil\ diVWingXiVhable pUofileV aUe

helpfXl in WhaW Whe\ ma\ UeflecW diffeUenceV in leYel and VoXUce of PAH e[poVXUe11, in addiWion Wo Whe

habiWaWional diffeUenceV aV pUeYioXVl\ diVcXVVed. In Whe chUomaWogUamV, each of Whe WhUee VpecieV haYe

chaUacWeUiVWic peakV and oWheU feaWXUeV. TheoUeWicall\, WheVe pUofileV can be moUe definiWiYel\ and

TXanWiWaWiYel\ capWXUed b\ PCA.
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The PCA VcoUe ploWV and aVVociaWed loadingV in FigXUe 2 inclXde daWa fUom all WhUee fiVh VpecieV aW

Whe BAP e[ciWaWion/emiVVion paiU VcanV. A[eV on Whe VcoUe ploW (FigXUe 2A) aUe pUincipal componenWV

(PCV) 1 and 2, Zhich e[plain Whe WZo gUeaWeVW VoXUceV of YaUiaWion in Whe daWa VeW b\ peUcenWage. The

loadingV (FigXUe 2B) aUe analogoXV Wo coUUelaWion coefficienWV foU Whe giYen PC. The independenW YaUiable

FLJXUe 2. (A) BAP PCA VcoUe ploW and (B) loadingV ploWV foU PC 1 and PC 2.

nXmbeU in Whe loadingV ploWV coUUeVpond Wo chUomaWogUam UeWenWion WimeV, and UeWenWion WimeV ZiWh Whe

laUgeVW loadingV aUe Whe moVW UeVponVible foU Whe YaUiaWion capWXUed b\ Whe PC. FoU Whe BAP VcanV, PCA

doeV noW appeaU Wo foUm WUadiWional clXVWeUV foU each VpecieV. RaWheU, Whe VmallmoXWh baVV YaU\ almoVW

e[clXViYel\ acUoVV PC 1, Zhile Whe EngliVh VoleV YaU\ almoVW e[clXViYel\ acUoVV PC 2. PeU Whe loadingV,

Whe WZo laUgeVW VoXUceV of YaUiaWion aUe Whe peakV aW a11.6 (43.48%) and a4.3 min (35.66%). ThiV iV eaVil\

e[plained b\ UefeUUing Wo Whe oYeUlaid BAP chUomaWogUamV, ZheUe Whe VmallmoXWh baVV Veem Wo YaU\ aW

Whe laWeU peak, Zhile Whe EngliVh VoleV can be diVWingXiVhed b\ Whe eaUlieU peak. PCA of Whe VmallmoXWh

baVV VampleV alone alVo confiUmV Whe a11.6 min peak YaUiaWion aV WheiU moVW defining feaWXUe (FigXUe S5).

While UeWaining infoUmaWion aboXW WheVe WZo VpecieV iV helpfXl, iW alVo cUeaWeV a UaWheU aUWificial clXVWeUing

of Whe chXm Valmon daWa. CompaUed Wo Whe oWheU WZo VpecieV, Whe chXm Valmon Vimpl\ do noW YaU\ Wo Whe
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Vame e[WenW aW an\ peak, likel\ dXe Wo loZeU BAP conWenW. TheUe aUe a feZ poinWV WhaW e[Wend fUom Whe

main chXm Valmon ³clXVWeU´ acUoVV PC 1, WhaW coUUeVpond Wo Whe moUe popXlaWed chUomaWogUamV.

HoZeYeU, PCA of Whe chXm Valmon daWa alone (FigXUe S6) UeYealV WhaW Whe VpecieV haUdl\ YaUieV b\ Whe

a11.6 min peak, and faU moUe YaUiaWion iV capWXUed elVeZheUe.

FLJXUe 3. (A) PHEN PCA VcoUe ploW and (B) loadingV ploWV foU PC 1 and 2.

The PHEN Vcan PCA UeVXlWV aUe VlighWl\ diffeUenW. TheVe aUe depicWed in FigXUe 3. PC 1 can VWill

be aWWUibXWed Wo Whe a11.6 min peak in Whe VmallmoXWh baVV chUomaWogUamV, bXW Whe\ e[plain a higheU

63.48% of Whe YaUiaWion acUoVV Whe Zhole daWa VeW. MeanZhile, PC 2 accoXnWV foU faU leVV YaUiaWion, bXW

boWh Whe EngliVh VoleV and chXm Valmon YaU\ acUoVV WhiV PC. The higheVW loadingV on PC 2 aUe foU peakV

aW a11.3 and a12.2 min, Zhich alVo happen Wo be Whe higheVW loadingV on PC 1 foU Whe chXm Valmon PHEN

daWa alone (FigXUe S6). DaWa foU Whe EngliVh VoleV ZeUe noW VXbmiWWed VepaUaWel\ Wo PCA, dXe Wo loZ

Vample nXmbeUV, bXW Whe a11.3 and a12.2 min peakV aUe alVo Whe moVW pUominenW foU WhiV VpecieV aV Zell.

The facW WhaW Whe EngliVh VoleV and chXm Valmon VhaUe WheVe WZo pUominenW peakV, deVpiWe WheiU

habiWaWional diffeUenceV, peUhapV UeYealV Vome impoUWanW inWeUmediaWe in Whe PAH meWaboliVm pUoceVV.

AddiWionall\, Whe VhaUed peakV mighW appeaU Wo caXVe iVVXeV foU diVWingXiVhing Whe EngliVh VoleV fUom Whe
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chXm Valmon PHEN VampleV. HoZeYeU, Whe EngliVh VoleV haYe anoWheU chaUacWeUiVWic peak aW a7.7 min, aV

Zell aV a Zeak, bUoad band beWZeen a16 and 18 min. BoWh of WheVe feaWXUeV do noW appeaU in Whe chXm

Valmon daWa. ThiV ma\ noW eYen be a pUoblem in Whe fiUVW place Vince EngliVh VoleV aUe e[pecWed Wo e[hibiW

gUeaWeU PAH meWaboliWe leYelV Whan Whe chXm Valmon in geneUal. ThXV, Whe WZo VpecieV mighW VpliW inWo

WheiU oZn clXVWeUV in Whe PCA ploW if moUe VampleV of EngliVh VoleV aUe obWained.

FLJXUe 3. (A) NAPH PCA VcoUe ploW and (B) loadingV ploWV foU PC 1 and 2

The NAPH Vcan PCA UeVXlWV, VhoZn in FigXUe 4, aUe mXch like WhoVe foU Whe BAP VcanV. Once

again, Whe laUgeVW VoXUce of YaUiaWion iV Whe a11.6 min peak fUom Whe VmallmoXWh baVV, and WhiV VpecieV

YaUieV almoVW e[clXViYel\ acUoVV PC 1. A feZ of Whe chXm Valmon VampleV aUe alVo VpUead along PC 1, bXW

moVW of Whe YaUiaWion among Whe chXm Valmon alone iV dXe Wo a diffeUenW peak (FigXUe S6). A peak aW a7.7

min in Whe EngliVh Vole chUomaWogUamV conWUibXWeV moVW Wo PC 2, alWhoXgh Whe EngliVh VoleV do YaU\

VlighWl\ acUoVV PC 1 aV Zell. In all, man\ of Whe moVW highl\ loaded UeWenWion WimeV on Whe fiUVW PCV ma\

indicaWe ke\ meWaboliWeV ZiWhin and beWZeen fiVh VpecieV.

FoU all WhUee VcoUe ploWV, Whe a11.6 min peak in Whe VmallmoXWh baVV chUomaWogUamV iV Whe

pUimaU\ conWUibXWoU Wo YaUiaWion in Whe enWiUe daWa VeW. The e[acW idenWiW\ of WhiV peak iV XnknoZn, bXW iWV
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pUeYalence in all WhUee PAH gUoXp VcanV maUk iW aV a poinW of inWeUeVW. TheUe appeaUV Wo be a neaU lineaU

UelaWionVhip beWZeen Whe calcXlaWed PAH meWaboliWe concenWUaWion of Whe VmallmoXWh baVV Vample and Whe

poViWion of WhaW Vample along Whe PC 1 a[iV, ZiWh YeU\ feZ e[cepWionV. TheVe e[cepWionV aUe XnVXUpUiVing,

Vince Whe a11.6 min peak iV noW Whe onl\ peak on Whe chUomaWogUam, bXW iW ma\ neYeUWheleVV be a ke\

meWaboliWe oU majoU indicaWoU of biliaU\ PAH conWenW foU VmallmoXWh baVV. In an aWWempW Wo capWXUe WhiV

UelaWionVhip, Whe VmallmoXWh baVV chUomaWogUam daWa ZaV anal\]ed b\ PLS UegUeVVion. FoU WhiV anal\ViV,

Whe nXmbeU of laWenW YaUiableV (LVV) ZeUe choVen Wo minimi]e Whe UooW-mean-VTXaUed-eUUoU of

cUoVV-YalidaWion (RMSECV). ThiV \ielded 4 LVV foU Whe NAPH daWa, bXW onl\ 1 LV foU boWh Whe BAP and

PHEN daWa VeWV. A minimXm of 2 LVV ZeUe kepW foU BAP and PHEN Wo enVXUe WhaW enoXgh infoUmaWion

fUom Whe chUomaWogUamV ZeUe UeWained. All modelV ZeUe bXilW b\ leaYe-one-oXW cUoVV-YalidaWion, ZheUein

a) one-b\-one, each chUomaWogUam ZaV pXlled fUom Whe daWa, b) Whe model ZaV UebXilW ZiWh Whe Uemaining

chUomaWogUamV, and c) Whe e[WUacWed chUomaWogUam ZaV VXbmiWWed Wo Whe model Wo pUedicW PAH

meWaboliWe concenWUaWion. ThiV pUoceVV ZaV UepeaWed foU each chUomaWogUam in Whe daWa VeW.

The UeVXlWV of Whe VmallmoXWh baVV daWa PLS anal\ViV, foU all PAH meWaboliWe gUoXpV, appeaUV in

FigXUe 5. The leaYe-one-oXW cUoVV-YalidaWion ploWV (FigXUeV 5A, 5C, and 5E) conWain Whe pUedicWed PAH

meWaboliWe conWenW againVW Whe acWXal meaVXUed YalXeV. The UegUeVVion of WhiV ploW iV depicWed ZiWh a Ued

line. MeanZhile, Whe loadingV ploWV (FigXUeV 5B, 5D, and 5F) indicaWe Whe ZeighWV of each YaUiable on LV

1, ZheUe Whe moVW highl\ loaded YaUiableV aUe Whe UeWenWion WimeV moVW XVefXl foU pUedicWing Whe PAH

meWaboliWe concenWUaWion. The peak aW a11.6 min conViVWenWl\ haV Whe higheVW loadingV on LV 1 foU all

WhUee PAH gUoXpV, peUhapV indicaWing WhaW Whe aVVociaWed meWaboliWe iV a pUominenW maUkeU foU PAH

conWenW in geneUal. ThiV UelaWionVhip iV Whe VWUongeVW foU Whe BAP daWa (FigXUe 5A), ZheUe Whe UegUeVVion

haV an R2 = 0.9483, Whe higheVW of Whe WhUee ploWV. In Whe coUUeVponding loadingV ploW (FigXUe 5B), Whe

a11.6 min UeWenWion Wime iV eVVenWiall\ Whe onl\ majoU conWUibXWoU Wo LV 1. The UegUeVVion fiWV jXVW VlighWl\

leVV foU Whe PHEN VcanV (FigXUe 5C), Zhich haV an R2 = 0.9394. In addiWion Wo Whe a11.6 min peak, Whe

PHEN loadingV ploW (FigXUe 5D) alVo VhoZV UeWenWion WimeV a10.5, a11.3, and a12.4 min Wo haYe

VignificanW loadV on LV 1. MeanZhile, Whe NAPH gUoXp cUoVV-YalidaWion ploW (FigXUe 5E) feaWXUeV Whe
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FLJXUe 5. SmallmoXWh baVV (A) leaYe-one-oXW cUoVV YalidaWion and (B) loadingV ploWV foU BAP. (C) CUoVV

YalidaWion and (D) loadingV poWV foU PHEN. (E) CUoVV YalidaWion and (F) loadingV ploWV foU NAPH.
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moVW YaUiaWion and VmalleVW R2 YalXe, aW 0.8944, eYen WhoXgh Whe NAPH model ZaV bXilW ZiWh moUe (4)

LVV. PeU Whe loadingV ploW (FigXUe 5F), no oWheU UeWenWion WimeV aUe neaUl\ aV highl\ loaded aV Whe a11.6

min peak, bXW WheUe aUe moUe YaUiableV ZiWh non-inVignificanW loadV on LV 1 heUe compaUed Wo Whe oWheU

WZo PAH gUoXpV. Indeed, YaUiaWionV in Whe a11.6 min peak appeaU Wo be eVpeciall\ deciViYe maUkeUV foU

BAP concenWUaWion, bXW iW appeaUV WhaW oWheU YaUiableV aUe aW hand foU Whe PHEN and moVW definiWel\ Whe

NAPH gUoXpV. IW ma\ be poVVible Wo bXild VWUongeU modelV ZiWh moUe VampleV of VmallmoXWh baVV, and

Whe accXUac\ of Whe modelV coXld be fXUWheU YalidaWed ZiWh a WeVW VeW. Ideall\, modelV foU Whe EngliVh VoleV

and chXm Valmon ZoXld be pUepaUed aV Zell. UnfoUWXnaWel\, WheUe aUe noW enoXgh VampleV of EngliVh Vole

Wo bXild a Ueliable model, and Whe lack of PAH concenWUaWion daWa foU Whe chXm Valmon UendeUV Whe PLS

anal\ViV foU pUedicWing concenWUaWionV impoVVible. UlWimaWel\, iW VeemV WhaW Whe inWenViW\ of Whe a11.6 min

peak haV a VXfficienWl\ VWUong UelaWionVhip ZiWh PAH meWaboliWe concenWUaWion, and WhiV meWaboliWe ma\ be

an impoUWanW maUk of PAH e[poVXUe. ThiV iV UeflecWed b\ Whe faiUl\ accXUaWe pUedicWionV of PAH meWaboliWe

concenWUaWionV in Whe VmallmoXWh baVV b\ PLS foU all WhUee PAH gUoXpV.

SeYeUal VXggeVWionV foU fXWXUe VWXdieV Zill be made heUe. FoU one, moUe VampleV foU all VpecieV

VhoXld be conVideUed. BoWh PCA clXVWeUing and PLS UegUeVVionV mighW be impUoYed if mXlWidimenVional

VepaUaWionV ZeUe peUfoUmed on Whe bile VampleV. The HPLC-FLD chUomaWogUamV conWain man\

XnUeVolYed oYeUlapping peakV, and mXlWidimenVional VepaUaWion mighW pUoYide daWa WhaW can fXUWheU

diVWingXiVh Whe VampleV. AccoUdingl\, WhiV ma\ lead Wo moUe definiWiYe PCA clXVWeUing, and a moUe UobXVW

PLS UegUeVVion model WhaW can pUedicW biliaU\ PAH concenWUaWionV ZiWh higheU accXUac\. IW ma\ alVo be

helpfXl Wo pool daWa WhaW YaUieV b\ VpecieV, habiWaW, locaWion, and conWaminaWion VoXUce, Zhich aUe facWoUV

WhaW haYe been pUeYioXVl\ VhoZn Wo alWeU Whe chUomaWogUam pUofileV. ThiV ma\ fXUWheU e[pand on Whe idea

WhaW PCA can capWXUe WheVe diffeUenceV, bXW WaUgeWed compaUiVonV ZiWhin a laUgeU daWa VeW can alVo

deWeUmine Whe XVefXlneVV and geneUali]abiliW\ of Whe PLS modelV oXWVide of Vpecific, local fiVh popXlaWionV

oU niche applicaWionV.
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CRQcOXVLRQV

In WhiV VWXd\, bile VampleV fUom chXm Valmon, EngliVh VoleV, and VmallmoXWh baVV ZeUe anal\]ed b\

HPLC-FLD aW WhUee diffeUenW e[ciWaWion/emiVVion paiUV Wo VelecWiYel\ Vcan foU Vmall (NAPH), mid-Vi]ed

(PHEN), and laUge (NAPH) PAH meWaboliWeV. The chUomaWogUam daWa ZaV XVed Wo TXanWif\ WheVe

meWaboliWeV and WheiU eTXiYalenWV foU Whe EngliVh VoleV and VmallmoXWh baVV. IW ZaV diVcoYeUed WhaW Whe

EngliVh Vole bile VampleV Wended Wo be moUe conWaminaWed Whan Whe VmallmoXWh baVV, and boWh VpecieV

Wended Wo haYe higheU leYelV of PHEN and NAPH meWaboliWeV Whan BAP. The chUomaWogUamV fUom all

WhUee VpecieV ZeUe When VXbjecWed Wo PCA, Zhich capWXUed diffeUenceV in chUomaWogUam pUofileV and

cleaUl\ diVWingXiVhed beWZeen Whe EngliVh VoleV and VmallmoXWh baVV. MeanZhile, chXm Valmon coXld be

diVWingXiVhed b\ WheiU majoU lack of YaUiaWion in compaUiVon ZiWh Whe oWheU WZo fiVh. In an\ caVe, Whe

concenWUaWion and clXVWeUing WUendV aUe boWh aWWUibXWed in paUW Wo habiWaWional diffeUenceV beWZeen VpecieV.

Finall\, Whe VmallmoXWh baVV daWa ZaV anal\]ed b\ PLS UegUeVVion. ThiV UeYealed WhaW Whe YaUiaWionV in a

Vingle peak aW UeWenWion Wime a11.6 min coYaUied VWUongl\ ZiWh Whe meWaboliWe concenWUaWion foU all WhUee

PAH gUoXpV. The BAP cUoVV-YalidaWion model had Whe VWUongeVW UegUeVVion and moVW VignificanW load on

LV 1 ZiWh Whe a11.6 min peak, Zhile Whe PHEN and NAPH modelV ZeUe VlighWl\ ZeakeU and affecWed b\

oWheU facWoUV. NeYeUWheleVV, all modelV had an R2 � 0.8944, indicaWing WheiU abiliW\ Wo make faiUl\ accXUaWe

pUedicWionV of meWaboliWe concenWUaWionV foU all WhUee PAH meWaboliWe gUoXpV in VmallmoXWh baVV,

aVVXming fXWXUe VpecimenV Zill haYe VimilaU chUomaWogUam pUofileV. ChemomeWUic modelV offeU an

objecWiYe and TXanWiWaWiYe foUm of anal\]ing bile and VcUeening bile Vample fingeUpUinWV Wo pUedicW PAH

e[poVXUe, Zhich can poWenWiall\ UedXce Whe amoXnW of manXal Vample pUepaUaWion and manXal anal\ViV

WhaW VcienWiVWV cXUUenWl\ mXVW peUfoUm.
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FLgXUe S1. 2YHUODLG FKURPDWRJUDPV GHSLFWLQJ D FKXP VDOPRQ VDPSOH, UXQ RQ WKH QHZ FROXPQ ZLWK (EOXH)

DQG ZLWKRXW (UHG) DQ DGGHG VWDQGDUG 3AH PL[, DQG WKH VFDQ IURP WKH RULJLQDO FROXPQ (EODFN), DW WKH

H[FLWDWLRQ/HPLVVLRQ SDLU 380/430 QP.
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FigXre S2. OYHUODLG, QRUPDOL]HG FKXP VDOPRQ FKURPDWRJUDPV IRU WKH (A) BAP, (B) PHEN, DQG (C)

NAPH H[FLWDWLRQ/HPLVVLRQ SDLUV.
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FigXre S3. OYHUODLG, QRUPDOL]HG EQJOLVK VROH FKURPDWRJUDPV IRU WKH (A) BAP, (B) PHEN, DQG (C) NAPH

H[FLWDWLRQ/HPLVVLRQ SDLUV.
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FigXre S4. OYHUODLG, QRUPDOL]HG VPDOOPRXWK EDVV FKURPDWRJUDPV IRU WKH (A) BAP, (B) PHEN, DQG (C)

NAPH H[FLWDWLRQ/HPLVVLRQ SDLUV.
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FigXre S5. SPDOOPRXWK EDVV (A) VFRUH SORWV DQG (B) ORDGLQJV SORWV IRU BAP. (C) SFRUH SORWV DQG (D)

ORDGLQJV SORWV IRU PHEN. (E) SFRUH SORWV DQG (F) ORDGLQJV SORWV IRU NAPH.
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FigXre S6. CKXP VDOPRQ (A) VFRUH SORWV DQG (B) ORDGLQJV SORWV IRU BAP. (C) SFRUH SORWV DQG (D) ORDGLQJV

SORWV IRU PHEN. (E) SFRUH SORWV DQG (F) ORDGLQJV SORWV IRU NAPH.
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OQ WKe IQWeUVecWLRQV BeWZeeQ BeOLef aQd WKe PUeVeQW WRUN

WLWK WKH VKRUW WLPH I KaYH OHIW, I¶G QRZ OLNH WR aGGUHVV WKH WKHPH RI RXU SaQHO aQG IUaPH P\ ZRUN ZLWKLQ

ZKaW I bHOLHYH WR bH RXU FaOOLQJ aV VWHZaUGV RI FUHaWLRQ. M\ UHVHaUFK KHUH LV a YHU\ VSHFLILF aQaO\WLFaO

FKHPLFaO H[SORUaWLRQ ZLWKLQ WKH PXFK bURaGHU LVVXH RI SROOXWLRQ. EYHQ WKaW LV RQH RI PaQ\ LVVXHV

FRQWULbXWLQJ WRZaUGV WKH XQSUHFHGHQWHG HQYLURQPHQWaO GHJUaGaWLRQ RI RXU WLPH, IRU ZKLFK WKH bORRG LV

PRVWO\ RQ RXU KaQGV. IQ bHFRPLQJ PRUH aWWHQWLYH WR WKRVH LVVXHV LQ WKH VFLHQWLILF VHQVH, I aOVR ZRQGHUHG

ZKaW WKH CKULVWLaQ IaLWK KaG WR Va\ WR WKHP, LI aQ\WKLQJ. I FRQVLGHU P\VHOI bRWK a CKULVWLaQ aQG aQ aVSLULQJ

VFLHQWLILF VFKROaU, VR I bHOLHYH WKaW WKHUH H[LVWV VRPH FURVV-GLaORJXH bHWZHHQ WKH WZR; WKaW WKH\ aUH, LQ

VRPH Za\, PXWXaOO\ LQIRUPaWLYH. WKaW I ILQG LV WKaW WKH CKULVWLaQ IaLWK RULHQWV XV LQ a SaUWLFXOaU Za\

WRZaUGV WKH ZRUOG, aQG VRPH RI RXU VFLHQWLILF XQGHUVWaQGLQJ RI WKaW ZRUOG WRGa\ ILWV ZHOO ZLWKLQ WKaW

YLVLRQ. TKaW LV, FaULQJ IRU WKH HaUWK LV QRW RQO\ a SUHVVLQJ VFLHQWLILF LVVXH, bXW LW LV aOVR VRPHWKLQJ

LQH[WULFabO\ bRXQG WR WKH JRVSHOV IURP bHJLQQLQJ WR HQG. IQ VFULSWXUH ZH aUH FaOOHG WR bH VWHZaUGV aPRQJ

FUHaWLRQ aQG WaXJKW KRZ WR UHVSRQG LQ KRSH WR WKH bURNHQQHVV ZLWKLQ LW, aQG RXU FRQWHPSRUaU\ VFLHQWLILF

XQGHUVWaQGLQJ RI WKH ZRUOG aOORZV XV WR IaLWKIXOO\ aQG VXbVWaQWLaOO\ IXOILOO WKaW FaOOLQJ.

CKULVWLaQV FOaLP WR KRQRU GRG aV WKH PaNHU RI HaUWK, bXW WKHUH KaYH bHHQ aQ RGG aPRXQW RI SHRSOH

LQ WKH FKXUFK VKRZLQJ OLWWOH LQFOLQaWLRQ WR OLYH OLNH LW. PHUKaSV CKULVWLaQ LQGLIIHUHQFH RYHU WKH HFRORJLFaO
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FULVLV, aQG HYHQ KRVWLOH aWWLWXGHV WRZaUGV HQYLURQPHQWaO aFWLYLVP FaQ bH aWWULbXWHG WR WKH QRWLRQV RI

GRPLQLRQ IRXQG LQ GHQHVLV 1, RU WKH LGHa WKaW HYHU\WKLQJ ZLOO bH UHQHZHG LQ WKH HQG aQ\Za\. IW GRHV QRW

KHOS WKaW LQ RXU FXOWXUaO FRQWH[W, ZH aOVR WHQG WR VSHaN RI HQYLURQPHQWaO LVVXHV aV bHLQJ RQHV RI SROLWLFaO

SaUW\. YHW IRU WKH CKULVWLaQ, WKHVH YLHZV aUH aVWRXQGLQJO\ aQWKURSRFHQWULF. SFULSWXUH UHPLQGV XV WKaW GRG

LV WKH RQH in Zhom aQG throXgh Zhom aOO WKLQJV aUH FUHaWHG, aQG WKH RQH for Zhom aOO WKLQJV H[LVW -- QRW

XV. GRG aIILUPV WKH JRRGQHVV RI FUHaWLRQ VHYHQIROG LQ GHQHVLV 1, VR ZH NQRZ WKaW QaWXUH KaV YaOXH bHIRUH

GRG bH\RQG PHUH KXPaQ XWLOLW\. TKH PVaOPLVWV FHOHbUaWH FUHaWLRQ, aQG JRb UHPLQGV XV RI WKaW JRRGQHVV aV

ZHOO. TKXV ZKHQ GRG JUaQWV XV GRPLQLRQ RYHU WKH HaUWK, LW LV QRW RXU OLFHQVH WR H[SORLW aQG abXVH, UaWKHU LW

LV a FaOO WR VHUYLFH aV LQ GHQHVLV 2: WKaW RXU SXUSRVH aPRQJ FUHaWLRQ LV WR MHaORXVO\ SURWHFW LW MXVW aV GRG

GRHV XV. AOO RI FUHaWLRQ JORULILHV GRG b\ bHLQJ ZKaW WKH\ ZHUH FUHaWHG WR bH, aQG ZH aV SaUW RI FUHaWLRQ

PXVW aOVR WaNH RXU aSSURSULaWH SOaFH ZLWKLQ LW. HHUH ZH ILQG RXU FaOOLQJ aV WKH FaUHUV, WKH NHHSHUV²WKH

VWHZaUGV RI FUHaWLRQ. TR UHMHFW WKaW FaOOLQJ b\ GLVUHVSHFWLQJ aQG GLVKRQRULQJ WKH HaUWK LV WR bH RXW RI

aOLJQPHQW ZLWK WKH FUHaWRU ZKR FaOOHG LW JRRG.

TKLV GRHV QRW GLVaSSHaU ZKHQ ZH PRYH WR WKH NHZ THVWaPHQW. GRG¶V SXUSRVHV, WKH JRVSHO

SUHaFKHG b\ JHVXV LQ LXNH aUH aOO-HQFRPSaVVLQJ aQG H[WHQG WR WKH ZKROH RI FUHaWLRQ. TKH GHaWK aQG

UHVXUUHFWLRQ RI CKULVW, WKHQ, PHaQ WKH UHQHZaO RI aOO WKLQJV aQG WKH UHFRQFLOLaWLRQ RI aOO WKLQJV. FRU LQGHHG,

RXU UHOaWLRQVKLS ZLWK WKH HaUWK LV bURNHQ. IVaLaK 24: ³TKH HaUWK OLHV SROOXWHG XQGHU LWV LQKabLWaQWV; IRU WKH\

KaYH WUaQVJUHVVHG OaZV, YLROaWHG WKH VWaWXWHV, bURNHQ WKH HYHUOaVWLQJ FRYHQaQW.´ MRYLQJ WR RRPaQV 8, ZH

OHaUQ WKaW FUHaWLRQ JURaQV aQG VXIIHUV XQGHU KXPaQV ZKR KaYH bHFRPH GHVWUR\HUV RI WKH HaUWK. YHW aW WKH

VaPH WLPH, FUHaWLRQ JURaQV LQ KRSH IRU WKH UHYHOaWLRQ RI WKH FKLOGUHQ RI GRG; IRU XV WR bHFRPH WKH SHRSOH

ZH ZHUH FUHaWHG WR bH. TKXV LI ZH FOaLP WR bH FKLOGUHQ RI GRG, WKHQ ZH RXJKW WR OLYH OLNH LW aQG HPbRG\

WKH OLIH RI WKH QHZ FUHaWLRQ LQ WKH QRZ²aQG WKH OLIH RI WKH QHZ FUHaWLRQ PHaQV RXU UHFRQFLOLaWLRQ ZLWK WKH

HaUWK.

WKaW WKHQ, GRHV aQ aSSURSULaWH CKULVWLaQ UHVSRQVH bRWK WR ZKaW VFULSWXUH aQG VFLHQFH WHOO XV abRXW

WKH QaWXUH RI RXU ZRUOG? AV bHOLHYHUV, ZH FaQ VWaUW b\ bHLQJ aWWHQWLYH WR WKH JURaQLQJ RI FUHaWLRQ, aQG

UHFRJQL]H LWV bHaXW\ aQG JRRGQHVV GHVSLWH RXU bURNHQQHVV ZLWKLQ LW. M\ UHVHaUFK IaOOV KHUH, aV I VHaUFK IRU
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Za\V WR bHWWHU PRQLWRU HQYLURQPHQWaO SROOXWaQWV, LQ aQ HIIRUW WR HQVXUH WKH KHaOWK RI aTXaWLF HFRV\VWHPV.

CKULVWLaQV VKRXOG UHVSRQG LQ NLQG WR ZKaW VFLHQFH WHOOV XV abRXW WKH QaWXUH RI RXU ZRUOG, VLQFH WKaW IaLWKIXO

VWHZaUGVKLS RI WKH HaUWK UHTXLUHV a ILUP NQRZOHGJH RI KRZ LWV HFRV\VWHPV ZRUN. SFLHQFH SURYLGHV WRROV

WKaW, WKURXJK ZLVGRP, aOORZ XV WR bHWWHU NHHS LQ KRQRULQJ WKH OLYHV RI RWKHU FUHaWXUHV aQG WKH IORXULVKLQJ

RI OLIH RQ HaUWK. TKHQ, ZH FaQ aFW. OI FRXUVH, WKH VWHZaUGVKLS RI FUHaWLRQ GRHV QRW RQO\ PHaQ FaULQJ IRU

WKH QaWXUaO HQYLURQPHQW, aV ZH KaYH VHHQ LQ P\ ZRQGHUIXO FROOHaJXHV¶ SUHVHQWaWLRQV, bXW WKLV LV ZKHUH P\

GLVFLSOLQH aQG P\ IaLWK LQWHUVHFW. PXUVXLQJ bRWK LQ KRSH aQG ORYH, I aP UHVSRQGLQJ WR ZKaW I KaYH bHHQ

FaOOHG WR GR LQ aWWHQWLYHQHVV WRZaUGV WKH ZRUOG aURXQG XV; WR ZKR ZH aUH; WR WKH SHRSOH ZH ORYH. TKLV WR

PH, aV a SHUVRQ GHHSO\ LQYROYHG LQ WKH VFLHQFHV, LV ZKaW LW PHaQV WR OLYH aV a IaLWKIXO CKULVWLaQ LQ RXU WLPH.

TKaQN \RX IRU OLVWHQLQJ.

T-3



Final AcknoZledgements

TR P\ ORYiQg faPiO\, P\ SURfeVVRUV, aQd Whe UQiYeUViW\ SchROaUV cOaVV Rf 2021, WhaQN \RX fRU

VhaUiQg WhiV jRXUQe\ ZiWh Pe WhURXghRXW P\ WiPe aW SeaWWOe Pacific. I e[WeQd a VSeciaO WhaQNV WR

HeQU\ DXchRZ, KeOVe\ FXUi\a, VicWRU HaQVRQ, JeQQifeU HaYeQV, AQgie Va]TXe]-BXVchiQg, aQd

TUiVWaQ WiQe²P\ UePaUNabOe fUieQdV, ZhRVe aXUa ZaV aOZa\V VR ZaUP aQd cRPfRUWabOe. TheVe

aUe Whe SeRSOe ZiWh ZhRP I QeYeU feOW aORQe; Whe SeRSOe ZhR Pade Pe feeO aW hRPe. The\ aUe

abVROXWeO\ ZRQdeUfXO, aQd I ORYe WheP deaUO\.

A-1


	Modeling biliary polycyclic aromatic hydrocarbon metabolites in fish using high performance liquid chromatography with fluorescence detection, principal component analysis, and partial least-squares analysis
	Recommended Citation

	FISH STUFF AHHHH

