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Abstract

Backgrowmd i nffomreiemgohs one uwrfcdrhteanidrgteirensh 6 6
radi ative balance, | argely due to | imited co
source contributions, and their coupling to
| ohgegrm observational r eceorid aRe stehaer chMha cSe aH @ aod
di sentangle the chemical, physical, and biog
t he HasthAtl anti c.

Met hod:ol Higgyhol utoiffolni gghitmeaer os ol meso |l sveactr o
particle measurementsal pogi wivh maformafaoho
trajdasedy source region analyses, and gl obal
model s are combined to resolve the sources,

aerosol seasonal and synoptic scal es.



Re s walntds Co n cQhuaspitoenrls o03v.sl t hat summer organic ae
carries unambiguous biological signatures, w
sul phonic organic aerosols responding to phy
a niemgt antaaes®uscf rledbi l e precursors and a sl ¢
l ysis or other Hetdeboermphecwphebobesgwwhuind beh
and varies with seasonal community structure

required.

For thisanahgomaepg tvibfe@r me df winl uyedaro af measur e
Extending the an@mgpt sa tféul2 fyuekabro yoefta rhoing haer o
mass spectrometry measurements at Mace Head
HYSPLI-MMasases exposurfer Bnedlti reil ddss amd egkgd or e i nf

primary marine organic aerosol ( PMOA) - and me
OA) . Dur i ngunmrher spirdatngms cl i max, ®PMOAocwmrt ak:
(R=060.6K0), w3 tdhaysaprnasdonses and secondary me
consistent with early |l abile release and | at
exposure in | ate summer (i .e.repeodetecahesaea

correlation vy@adluesanaliydhediimedi cati ng weaken
weakwemd condirQA anss.o MXAi bits a positive ass:
exposure derived from t he napmtcisalmoaed s y SStEAMR C
during diatoms c¢climax (R=0.75), hinting at d
these results indicate that structured ecosy
contri bubdaesito airfofsesr emicesaéemnosiallr $ ntfoomag@ai on.
future research vessel campaigns and control

mani pul ate trophseaimhysiacdg.i ons and air

Chapt eoemr eT.eht SMP&Sasieslt sour c emeatphpoodrstr iedo m mente si
resolved distributi oSiwsl pM8 6@Ar i anned aRM@A 0ol sou
contributions were resolved and interpreted

di stri buyptrievn o uwi tsh udiicd :.atlimnaddidt edn .k em mod

strongest sesasndidiinglfilteolgeddi lagitoent esses; wher e:
mode variability aligns mal ehtohagdemsysiop t h pr
require further investigation.

Fi n&lhlay,t srtho3vs4 t hat tZ4edica&pt ame z2na pga@oienev a [yo r
designed to enhance particle collection effi
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standard opeéer!| dapoopaedma)h nt hat er pretabl e desp
fragment ditoi cand dsrheisfst stnhsitg,aiaatd unelt hodol ogi cal

devel oped, cSmainmiomgdJeresgrence of time serie
mass 9 meaat rmaeawinlelr dlhladw for thhé doantuirruisbwurae

apportionment e nidnedwoeld sf rdeegmpe ntea tCiVo n.

Overal |l ,sotuhgibss tvha@rlilkarsi fi ed framework | inking n
composition, siazier dmasstsreisb uetxipoonssu,r ea wdoi Iser f a c ¢

mai ntaining source apportionment continuity
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Finishing a PhD feels a bit 4tukeewdwal kionhgqqail
arriving, not quite |eaving, as you realise

the monograph and paper dr af trseaalriesestiitlols cthia
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Moti vati on

Earthoés energy i mbalance has more than dout
ant hropogenigas greamdwsitstohosneaddi ti onal contribut
pl anetary albesdof hcekdedadkmper asteuarcel oawhla nfgeeesd bat
(Maurett.seel025). Ant hropogenic effective radi
at 2.72 W m | [1.96-radi atd4d@®nWimt|€r & iikbemsa)e
[(0. 47 to 0.04 W m |dl candd isrudinri-&a ®4ni Mtedddsaitld o r
-0.25 W m ¢e¢1. FPp028pr reflecting subcsltoaundt i al
interactions that remain poorly constrained
(IPCC) reports. I n particul ar, growing evid

| arger role than previously thoaghntgdmt moaad
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i mproved observ-hevehatndeced prgdGEBZFZETOncurrent

climate change increasingly -smaitfriaemnsé toacw amh yb
and Mil |l eret202%0h%)oenlgy al tering the supply o
including sea salt, oxidi sed secondary orgal

primary marine organic-la&aredsonar(iPMOA) otuldat. s

The research community increasingly recognis
marine aerosols in order to Iimprove <c¢limate
ant hhropogenic and natwural <c¢climate Ffoycohg. U
these emissions directly affects the reliabi

deci sions and #ldsda mtbd tiisdin ngt raatreodiuess. basel i ne
i s therefore essentialtopogemiccuclait mhtyetqgiuama ¢
clear under stiaaddiisrig i afl tah enomsrpd euwrn cce rntaa iurmrtail e ss
the reference state propagate directly into
climemhsi tivity, hinderingl irmhtee@ageator hbmahnon
acti¢Meslkbt. daz2011l,etGCGma20a4d; e tBed2.002u0i)n

The international research community has rec
research a priority in majolLoweseAtrmbsphepgea
( SOLAS) research plan | ists fAlntereconnecti on

ecosystemso as oné¢ Bof®eitf 20 lwipt It oir et ¢ hmreanteiso n
|l i ke the North Atlantic Aeroso(BamdetMaal che E
20219)r NASAOGs Pl ankton, Aerosol(,GoCledanda, and

2019nNd more exemplify this growing commitmendt

Us i mwlyteiaorbsser vati ons from the Mace Head At mo:¢
combi neeshil ghi on aer osol measurements, sourc
ecosystem tmodled driinlge taoer osol chemi cal compos
Thi s woaikmaX@gioogat ur alvaaemdsodli tyhytnopledrmkti om |

bl opmsource regicomslj tamahssyBgptioenbi ni ng aero

with modell ed phytoplankton functional types
directions into the pathways |l inking atmosph
outcome is da& r®dlselyavsaehdammmicarer i sati on of the ¢
marine ecosystems and atmospheric aerosol <co

relevandtf otrmi agopdocesses and reducing uncert
contributicomdt 6 oaer oagmliinmaat ec hangi ng
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Overlmae lgverarching aim ofofitHears wenrlosoils to wu
physicochemical speciation instrumentation i
ecosystem models to advance the understandin

anrdel ati onship to marine ecosystems. The aim
1. To characterise marine aerosol physical anc
|l ohg@grm measurements at Mace Head.

2.1l dentify aerosol sourrcoeusnedadommaréces ammo rdteil o n
of aerosol chemical makeup.

3.Devel op source asgmonrtaiewnismeriets noeft hdoidf f er ent
aerosol types.

4 . To explore the utility of global phytopl anik
marine particles.

5.To investigate the ensuing continuity of mz

new capture vaporiser.

1. Review of the current state of knowl

1 .A¥ r ogseonl edreaf li n 8 tzdessnts,i buti ons and

impl i cations
At mo s paheerroasaod ssol i d, ' iquid or glassy amor ph
ranging in diameter from a few nanometres t
variety of compounds, i ncluding water, sul p
oraghi ¢ matter and biological debris (spores,

Aer oamé sbroadly categorised by soureaeasooeli gi n
directly emitteand nhroo a dhleyi agemoadmppueessse upl i ft e
soot , hydrocarbons or trace metals originat
wil dfiresndeapsiplralys ge mhaurrasttadch gbyatb ubhlel e@ecean
secomckamygrod for medtg@gdartoiuglhe gasnver sion, wher
undergo oxidation amd ogumsuecd weeanti omqg n keerys astoiu |
met hane sul phonic acid and oxidised organics
radi ative forcing by abDl 3&nWmr ppwgéehi esaemas
-0. 85 tom+]0,. 1®wWhiW e indirect radiat0.v&e5 fWmcli n
rangin. 2rtoom (0TeOgewm gnd .Heinold 2018)



As 1l luBitgat,edlhieh ri se i n anthropogenic effe
(+1.90 to 2.41 W m ]J]) is overwhel mingly due
compensati ngaecm@kilnd-0#f B&mdy maoftfisaedtlsy t hi s w
(Forestt earl 202 3) .

Change in effective radiative forcing from 1750 to 2019 >
ERF (W m~2)

2.16 [1.90 to 2.41]

0.54 [0.43 to 0.65]
0.21 [0.18 to 0.24]

Carbon dioxide

Other well-mixed
greenhouse gases

Ozone 0.47 [0.24 to 0.71]
Stratospheric 0.05[0.00 t0 0.10]
water vapour . _

Albedo Land use Light absorbing particles on -0.20 [-0.30 to -0.10]

snow and ice 0.08 [0.00 to 0.18]

Contrails & aviation- 0.06 [0.02 to 0.10]

induced cirrus
-0.22 [-0.47 to 0.04]

Aerosols Aerosol-cloud Aerosol-radiation -0.84 [-1.45 to -0.25]
Total anthropogenic _—4 2.72[1.96 to 3.48]
Solar %-« -0.02 [-0.08 to 0.06]

2 -1 0o 1 2 3

Effective radiative forcing (W m~2)

Simul ated contributions to radiat
nic influences arandomireatradtby 0!
er g shama iprloyduce an ovad ap itFeodr csfddedrm g

>
o
—
>
-
o o
o
D O
oQ -
o R

et. al2023)

Cruciaal bignolt he remote marine environment stil
on radi atmiode Idlessrpgitneg e xt e n s(i Rroes erendfseelddd & B ; e Wé 0 ¢
et. a2020;etSealO@@GhHis i s driven from keoswbebge
chemical composition and particles number si
gl o®Glail nfaDiuez ¢ k a2006t. dM2BNSD modaitl tad reignig. e.e g i
Rayl eigh, Mie) andt hsec aftrtaecrtiinogn eod ff i pcd retniccyl eass
1 Om) account for the mafeltgtagO0@B)tot al aero

PNSD further olsiofhettriomhe (tramspoet.mahd002mo¥had
and Vetand206enospheric chemistBerghn@augb22gur
Mur pehity @al2021; eSt@all26BFBpt herarced @s ePNSDi nked t
heal t h, with over 700 conditions affected D

chemical ¢Mompaas.k@adh08; Th®n and eSalad® 22022,
7



Submi aeopseasxhi bit c onmopdl aelx smuzlet i di stri buti ons
continuous | ogn(oHemant zdeinsbterrigb ult994n;s Pan«o 202
representing aerosol popul ations of(Bafderer
19Q02)Ai(tAkietrk eaand 98®®O®Qumull ol b o aleo PP )Whi it Dgd b
(19a@8BiYl | us thr gyta@

gas to particle conversion mechanical

generation
300
Vapour
4 condensation aggregation
— sea spray
“.’E 200 wind blown dust
S volcanos
= 4 plant debris
§’ bacteria
= nucleation
123 100 mode
coarse
/ﬁ‘ ~jaccumulation. modae
7 A > mode A
0 e R e ——rrey
0.001 0.01 0.1 ‘ 10
radius (um)
aggregation
washout + sedimentation
rainout
Clouds & Fog Precipitation
Aerosol /—H (Rain, Snow, Graupel, Hail)
N
Gas TN N
Molecules Proteins Viruses Bacteria Spores Pollen
Sulfate, SOA, Soot  Mineral Dust, Sea Spray _ Diameter (m)
1E410 1E09 1E08 1E-07 1E06 1E-05 1E04 1E-03 1E02 1EL
100pm 1nm 10nm 100nm 1pwm 10um 100pm 1mm 1cm 10c
- ultrafine - - fine - - coarse -
Figure Hrom Nucleation to Coar se mod e, atm

compositions{Padaptetdeframd KNoewotiesekOyaDQ 1 &) ©° h
Each mode is characterised by a mode number
geometric méhesaeidmeterbutions are typicall"
surface area (eq2), or volume (eq3) of parti.i

di ameter;

(0] Qo Q t0anQ
3 T © R £060awqil
o) QY 0 2% gy QHHOQ
& a1 o TaiTo oF o e
o Qo AL Q0 i ss0
€ ol T © m a1 © q weEaoa



Where Dp is thefmobislpihteyf idciad meptheert dc laenet er o

sphere that exhibits the same electrical mob
given gas under an applied electric field as
Whil e Surface area contributions influence

surface area suppresy¥Yamsgeat new 20 &rpitiicclael fporronpaetr
heterogeneous atmospheric chemistry, number
f or mgtDiad nedtOsa200 1 1 pt Ba2@282nhucl eation and Aitk
mi ght contribub@l obral meld ® utdh al Wi ld & Indstantaid@i O9n u ¢
Liu and Mat ssui a2W2383h Wanmgne cl oud droplets a
di ametersz2B9nednvaen esmasrRoON4d ng to sea spray su
(Kl eieneahwbb) e particles | arger than 300 nm

much s malbleecrauesxt eoft t hei r (ICoatf.na2rb2lra)abundanc

Nucl eati on mod3®0 prmam)t,i cd cecsu rN& rAdhuaennttinl ey bi onu nt dhae
| ay(eO6Dewd al1999¢t Hah3ye a., aX@e2ddam) pol a(rCorveegriton s
et. al996 et Pa2®dRipt ken mode par tHedInaszefnbZ2e0 mgm |
200®&#ne formed from the condensation and coa
directly emitted via primary pr dqO©ddDseavsdd adnd |
2004;etkaa2i013etMca@O@®yYAgcumul ati onl mObme (pdODi
di splay a more diverse chemical composition,
and inorgéddeocersp@td@8; Qui nnc haanrda cBRaetrei ss e2d0 1bly)
of primary and secondary sources with diver s
Mace Head, the transition to accumUCeaebuwuomi sno
et. a2008; e®6 @@008)

Under st anediensgo Itvheed saiezreosol di stri bution natur
and growth through new pAdritsitdlInec tfi oocelmaNePrFo gpda(t N
i n mapieme eewnngs is characterised by the s
number concentrations acro$erthe b palshties6 sthyppe
has been cl assi tdMEW) asvemubti pheed on the hy

the concurrent production of polymer gel par
(Hei ntee.nadk2Xgl Mace Hepen o bdtewseniNPFare found i
tropical (mT) , mari ti me polar (mP), and mar.i
condisthioommisng 57% occurrence in mP, (3Hau%rnign mA,
al 2022lan) contrast to anthropogenic NPF f av

9



boundary | ayer dynamics with | ow relative hu
facilitated by | ow tempeZéedtnmp@e8 @) can oaclcdrf
during nighttime hours whe(nPelbtbdlaZz®izdni cal | §c
these open ocean NPF events show a strong s
spring and early summer months coinciding wi:
period during whi ctarge ogv rhe i al(|©m | e docQisaddt lmime d

Bi aé¢te.ka2012)

I n addition, some coast al marine environment
tide macrbhat g@ebkr(oep.hggmanabamdiecphygéae excretdi
(O6Dewda2002e¢t. Hazanlp@m) mor e detail s, a histori
formation research, ranging from urban smog
i hehtiepahbh@®2025)

1.18t r odu cAteir aors otl p eMatsrso nge t r y

Over t he past century, mas s spectrometry

progressively converging into(Zhwenhde20l2d90¢ o

At its cor e, mass spectrometry is an analyt

separates the resultithrhaowmges ratcioo di emalloi nd
u

structur al characterisationinaodmiguathhes.i c at

earl i est pivotal di sbavgey megasut bementref Mac
mol equ'lheosnsoal a8¢g3With the di Asuermny I@f209ftiarbd
organic molecules mass spec(Blae axintegyu ietd $e2c$t)r o
foll owed -1®Wwe&r wiah0 applications such as the
hydrocarbons <critical for avi(aMadloanf ffeuretly p2rOolc
the time of i1ts invention, electron i mpact i
of generating i1ons from smaldi agmdattiid ef rmad m
and quantitative analysiss 8Subseguéhe &ddvendt
devel opment of t he Ppwddr ramnpdo | Setaemansaseholdeil ti t@Gahed 3 )
mass speCWolofmet and St QulRhanmupdd®3) enabled co
controlled serial mass filtering with stable
m/ z window at -odfnlyi g hts taannatl.y sTarnmese wer e I ntroduc
by enablllienlg maasrsa anal ysdpo,p ud agti wrni mpe rt e gfuu lsl

iceatilisation, faster spectral acquisition,

10



't wasnEt unaelomaske speCsrbopmaters(Nohlg sl
Prat her s2p0e0cOt)r ometers then coul d broadly be
t hat measure(PanmgbelpdirgmndSiwhas e 989t anal ys
(DahnekehilOi 9inostilry talppeh®9@@s al-ofidgdighth mhase
spectrometr y KineptrioaMleOMfent s

The next major deGaelliofponmennita oidné upri®rOedd wtwid o ®@ t ih Kk
flight aerosol( Dem€xag .| ag &@B) d me(tderretwents.tcado 0 5 ;
DeCaetl.oa2Z00fA)W | mpr ov d md rietésn al2adtOt7ebin)e i nstr ume
actively depl o(yle.d Aitok eMie2x0i Oc7oe t cQ,athyuh@&adn Aldan g

et. ,al 220n0d7 )Ca nfbKriientigg @2 @0 7 o wi-tnigmer ecailscr i mi nati or
and secondary organic aerosol a.crbBuwisl diingrore
successes, the next year s saw a gl obal gr e
measur emenBEasti(nBsSeblidaaa2 008 etPrBDDBIpes( Quirits an
et. a2Q00 Ranjag Cheeta a20 0@¢ r(nCarnogsti.er2 0 0BANB@m. al
2008; MeKe nndr00 Bj eMamnal Headet .Dal 2atn@8 Ytohe Sout
At | a(nZtoercn a2 W@ 8met h apnbensiucl( ISWHS successful me a
t HeRTOo-AMS or the first ti me

Source apporti onHRI{AMSH lusdd esst awri tt end (thlreloertit ¢ ly t |
al 2@m®e) have sintceeedblriogee af gro many fi el d mi
world accumulating up to 1360'Eebruasy n2@25%
overoiewWwWMF st udREcsAMWMIBah bbe foaxtd dchraggmea br o
mas s Spectrometry st amdrpasagsits, s@a&rclty ometcoy n
(Har teatnean2 011 ; Pratt ahndad®y ast h dairkd @-B il 8hya dt h e

gui ckl yusperbdoovieods s di sci plines, from hazards
investigation of at mospheric processes owin

aer @sole. organi cs, sul phat e, ammoni um, ni tr
(e.g. ATOFMS) and in contrast to oHRTo-he tec
AMSel i mi nates artifacts such as =evaporation

sample collection. The detail ed Chasgtraurmed.tx

1 BBRTOFAMS and aerosol sources

Sever al previ ouBo-AMSRMFe sbadaes HRave been ca
At | anCriiegpa2013et.Hazahlg8 g, AZ((GN\2 2eld Xs.ea?2 01 9 ; Mo s c h
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et. a2022; eNRph@aamedi t er(rMaredtaena2Pelad® gt FhdDO D4)
PacificSWerlka201d4t. 42D2oh23an R 0R2M)&cbmiat @a201 3 a;
Giordana2016; ettaagdl Wbkoidnpeh facmpart abielsi ty with n

at Mace Head.

MSA was one of the earl i esPthimeneyal 2@@GOmr ces

et. al20hd8)sevestaldileat sdowing it to be overwhe
(Hueng a2017; Zeat w aadllOWRELL z aXku@a 2 A ) cOc e@Dadata. al
2022)but also even up to 300 KkimCrmreppemad® 0fLBIl) I o
with more drGiloeests naa2@ilfp A 1 s | d & gytpinfieiadyd awiet h
mar k(EHSG@ at m/ zCHS8: M8 77. 98 aisSGm/tz,m/amadddbCH 9)
CHat m/ z 15. @&t wimi t e3 0 &tl mhznUcBk.alv2age of al c
Yazdeatnia2 02 2 prhiiagnhcleii glgtesni ¢ ( Naat As st gae and Ho
Faietl.aa2 015 ;e tAgaliH2egtr)tah e thinblds8 Cmw 2 .),C2HeS O( m/ z
78.),01CH&MAZ )IH( mRZ )0\ mB2A )9 9SH miASB )9 BES

(mBA .)0OHS( mb2 .)02SK( mb2 .)aB dkHsEO( m/7B. €64An al so be
useadgetrhamrk earss fhoert eDMIEneous uptake O(GFe met h)
et. a20telt)hanesul phi niTcOaMS th a mblEd AY r HiRetn.t & |
2021; Goss awveéerkirdlplahd@zx4)eaphase rbMBieconssi chat i
di fficult ftromdhbvsStAaouingeeairs hy firdaegnmeinctaalt(iCchetnpat t e
al 2019;ethoaPG@I®) gh m/ z mar keCHSNIE) kemimz z1372
(CEBNE as well ot her unknown rioomnsdi (ma/thyld3 s
oxidation remain to(NMan ceto.od2u0s2 1lv;e | Go scsa naf ni dr mke
Similarly, although MSA i s of ten found i n
tri met h(yBoanki. nack 0 1 4et .Chakhl6cCc ;etP aagl0i 20d4mpet hy | ami n
ontributions sANOh and zml, D/ G JUN) IMA | € tO y

I 200&)ygmentation is generally (K& |l ¢pmeml to
020)

N 9 O

Primary maaemEB@WOAa ad o evaial &welrce) soon i dent i
these firsal (i wieplor $ 6 ®v a d heetv. ad 200alRtMOrAe sna s s
spectra typHOAIW=yl)f @ atnusr eseCies (m/z 55.02,

al kenyl groupscydliiiuvansataolaoles, and ethers cc
watienrsol ubl e organi cs (bGob Dhegw df ao2rOnDedd; i @wvt asdanke vsap
201 1LHgmass spectra famil yyHydomiizn a3t9e d 2by 5i30 M0 3s,
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etcé) indicating dienes, alcloynries meandycydleod
CHzyiions series (m/z 2. WxCHodaashmar E&d 0By edalclé
(H2y41m/ z 15.02, 29.03, 37.00 etcé) which hav
during phytopl arektudnt If o opniiscCssgpdaddl e @2g10l48 h gMe a
2017 ;etBia@i0O2A hphpsphol i pids partly ¢6Godtdol ac
al 2@ah8) wer e r epsoerat efdy rbadyfacke20 2 h; e/ta.na2A0c2klear)

andthae-TORMS usi'mqp@ndB®0Ognat ulreboirmano,ry stand
fragmentation st UuWodetfss asrOeln59a d B MOA@aamlks mgcont e
car bohydrcdhtneed dearl2 011; e$charmad k3 a;etGlalzk22a)

pol ysacchawlitadreal @2@) ami 0 8chmadeaa?2013bet .Hailang
2018a; kKanawéd@éyarying extents depe(nSalnagz aorn
et. a2024)

Oxi dosgareirm(smdno and dil dm®isd se)iabodr@B a b oeutk assl
2000pt.Ng2011; ethea20sladriit h taynpdi £ ia@@narOkfeorr mor e
oxi di seaen¢ HI@AOIAG Zehtam@005; eTalkd ya@&h etr® C

was attridacti ed oxepadeampdmtae s c( ket oN@est . aanPd0 1dlad et

2018)commonly observed during winter over E

(Banemtana201vwi)th | ittle to no contribution frc
as Oppos-GOAtAc | M@ dearl 990 ; eBabadkwWkas e tB aanknlalnd )

Over alkOQA M&hi bits a high f to f rati o (
LGOOA has a much | owblgetf a(/2f0olutn)d FtOHOAte kM@ 1p F e,
a4 0.17 anrdd Of8, caondp.aOr5ed t o f O O0N..0 7 narad dh it g
MOOOA often shows greatefHeCtQ ala@m2d NCgHOt o i mit gl
oxidised functional groups (e.g. aldehydes,

el ement al rati os ar eO@A sfor €0® ALJO Aloo aHIO5 wiiamg uC s
increase in carbonyls (al deH®'desCHDCHOKk et one
cleavage of Yazdeaixiyalio22attdsbuted to gl yoxal
(carbonyl and cianrdbibcgajtibeud @ ¢ Gap beativaag? 00 9 ; Che
et. a2021ket. RO )t he oCH@rathamd, 6485098&nd nat C

m/ z 85.9dBgadsthbatic and ar omat i(cLidaithogadd 28B1) e s
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Beyond MSA and OOAs, di stinct SOA signatur es
bi ogenic sources including isoprene oxidatic
bi ogaearisfsiosloprene, terpenesjTtwesewoepRbstadeayv
i n CAMx mod(edildtmgpda &l @ Hypotenti @GAnmeariada@l1epur
existing observational sswdgdewcmasorcmacener a
the Easter n( NiolrgthuaRtOl2aHd®A MS st udies so far h
I sopepaeyekirdlved secondd@ Ry b oentg aaiOclely.e U3 D6 ;

Chen. a2@2d)} SSOPOOH mh&kiktaras2 Whé) e monoteedr penes
studies have idenpi h-BBgpd nmarrek earngd Hideat rm aak @R Mg

Takeet.ha202yvgt a possible direct marine origi

remains unlikely.

I n t hei awdiisree,ofwhi l e chamber studies hiavie rep
HIf, *J OHIl &, O Ht ORT G+ @O'] a@8(Ji men.ea2003etKeads| el
2011; eROMi2I02R2i) el d studi e'snelaswe eonrelnyt $rAd phamthed
et. a2015et.Wa2a@mhiéxydtO Mace Headengoa2fQr2 a)

Gi venmatrhiante environments amd hs @ompetgiemeangemtt u
overvisewmext oprevirdedly anthropogenic source
aer  BBIORAynlega a2 w8 h can i mpact-rhngkanmndanbkp
(Lenh. a2@bh9d) more | ocalisedazeourdardhs al2i0KK& ¢ péeat
OA are characterised by I on xdeyil euunodt uy att
hydrocaHBeons ain@ cyglpal banede( Go'miantehrecre tofal
CH:O"at m/ z 43, by the r4dt)i oankde tnwettyNnsviAnm/0z7 5(5C

facilitates the distinction of pleLaetn. eathD43) on

Emi ssions from wood are readaer ¢t880OAY) asdbpgema
identified wi(tAh featr.r ah@0 7seitghaak@sh et .Aalll e 0 )

cellulose pyrolysis (levogl uc@2aa®) and/0z AEr
(&s0,") as wel |l as sHgOs+d) nma/nzd. BAGHD3B 7(tCo a | esser
(Ahetina20199gwever, BBOA undergoing |l ong range
(Huae®nga2018aetPagbidbphg to both OH oxidations
reac(Lbasga2025bhanmns be confirmed with photoch
(Lianga202B9ng range persi(Baemem20bhd) cqaamranib
agood correl a(irempreseht @HONetofh20iBBOAsagiPog

markers | i ke COOH tght',oQu(pCHDO'Y aahdacdPreesence
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of multiple oxygen ions only pr ¢ddosc)e datf rno/ne
153. 02 orsHepacts s6pbb.b0gdu €e d f r om beHgOhai nndgHsQp b € no | s
m/ z 121 Dboth -lried et edmMmdar aéldisgankin2 2lbi)k e wi s e, 0\
presence of oxygen@Padkioads0dNplage dt BBIO&A e xp
C HO2", 3HZO:", 3HI0s", sHO" a n dsHe@", at m/ z 49. 03, 75. 04,
98.04) as phenols photolysis | ead to the for

groups.

Lastly, additional anthropogeni@QABMSurecelsutdian
traffic hy(dHwamrmg 8ol @A 2208%p) cally marked by
m/ z 43 and nf/TzeamlaZaicitam®psesci fi c hydroencrar bon
al 2009at. a1 GMhMh)ppi ng( 8mhestis zaROsL 8t . &2oGh2 5¢;t Gunt |
al 20a250an)g wi t h amd i seont e ac kl & itkeeo wn ¢ ggNiDdant ( C

202480y smbrkeffutioheest i gantteder met hodol ogi cal i
higher m/z ions (m/z>130) are expetiZbemngo fu
al 2024c;etMia2l0OWRi5t) z

Whetdlelr t hese sources mafuglleBpecprat ahbdet wath
devel oped ca(pGuWemavapoanzieHrdn a@g0éa3t i@ 1a8lb; J
202Whitee need for fr ag(méentt.ad? O0oln7 at;a bBlter wBuliprdeaat
2025; Neutr.sahQebbd ) i nt gqufaente f Cadkeetom2 0 2h)der

accumaastse umae dt mass c heaelslodmnugiimq, dhRhitggh (unbound
table needs) are ideally suited to investig

vaporiser measured sources.

1.Qlce-Ahmos pihteerceacti ons
The marine enviemae oiadn imaglea yagptraicsn | naea fd uearce
gl obal <cl ouuc(Otoeaddstarnag|ldMtha 5>ycgelran bi ol ogy, se
physicochemical propef(Cioettanli0OsécoBaabbiyt ay a
202Mgr sismlt he at mospheric mavenemboandasygha:
source of wuncertainty( Ros eedfdeddd L 9ept . Wa2m0g2iOn g e
Gryspetera2tp28 mari ly due to | imited knowl edge
composition, and pa(Cacdét.aa@ulBilb®e)n dalea maagdalbuti o
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interactions have been consistently identifi
radi ati medbdlhamgeyheoombi ned direct ahidmaneir e
(Baet.hal2021let.Sahxhle7z;, e$Shpil2a6aPipeatefelff ¢ot s

i mpacdlsi mamtdé ati ve bal ance by scat(tkdreierfge |l and
2002; Quinn .anldn dBiant esct 2&€8flfdgct s on t he other

aerosmbers IinfpuepdiHeryggs|l®@B®., aNed2wel | as cl
Il i feti me and pr(efclibprietcahttil bladsiGe%)t maeCc é ot @i mgi es
mostly domilneavteeld nbay( R ooeweantf. edi2ddsl 8t . &2 5 ;

Choudéditurgy2 wi2tshat el | i t e rraentgriine@v. &I toebm6 r> WV sn
di ffering much f r-0o.nB8-1nto8d éW.Jedad a? @ R dects AaRfDI2 & ;
Virtamea2? W25h the |l ast | PCC report agreeing

(I'ntergover n@kniCahtaenRyaen 1. p@h)e s20 23 )twintaht etsh ec o |
mor e -evsd lalb | brsehckidatCiove f or ci ng “HsEttinmantaealof 1. 8
2016; Reéegal0oz20)

Al ong with this, tlaeraqmsisdpienc ioffi cnaarliyn ew hoertghaenri
or secondary processes, requires further inv
sea 6@Pvagnetv aadt0el 1 aet . FadsOsle8m afd@adl) seaensiaol
(Quiemna2017pt Ma2®20)x!| ouds o mompheoa optical
( Bieath a2019; Kahnert astd. EAOhYIpeCseti 2@r88nvir:
still being debated.

PMOA is produced by breaking waves as trill
bur st at the ocearf©d DewdfaRdd 4¢ v €rviya danfelvimdild; e
Vill eetmaazxOQR2mayer sely, jet dr apwo,psspurpe chri enagk

oceansE surface mostly contribu(&Mohehamnmaper mi
1983;etL.exd2k002 et Olkk20B0D)

As a result of measurements and modelling pr
not yet fully resolved wityl-d¢gBuirmawa20R2agi !
LeeMar ceads alWh4) e gl obal PMOA contribution t
uncertain in both madrPiatriecher ad0d 4 set8 ua2adllvgaa)r |
Il n contrast, tot al sea spray aerosol emi ssi o
10,000 Tg yr T1). Despite their far small er 1
di sproportionate -fionimi nmgncper ope aer®lsodadf d rmawar
amphiphilic biopolymers that suppress dropl
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during activation across su(ceasdcneteaadiedtlap | ¢
Kawaenta a20 2 2; Keatl. uaa2roa2c2h c h i

Conver seOA ,arMSAmostly formed through condens
foll owing dimethyMasedpaRohaxgelayi dami natir
bi ogenic sulphur budget and accounting for

ocefddackson and Glabba-OARYORMEAN esti mates r an
yt( Fuentg a2021 %0 'QgCaSitaya2@28) even to'(KilboTgCy
et. a2Q24mm)creasing DMS derived aerosol l oadi r
corresponding radiati vle. 6coWe2m § 2/ fFfnebxdte sklan g i
2018)

Al t hough Il i nks bet ween phytopl ankton commu
demonstrated ac(t 85cbevimed2tOilp/lae;t .sFadu€d €eys eTir tad b | 0 ¢
2021)X he coupling remains uncertain as subst

eddBesjler al 220n2d5)geochemi cal var i a(tSeismdse laln ep

2022; dtawa2024,; EowanrR €Xéisn across seasons,

regions.

At basin scal es, t hese heterogeneities ar e
bi ogeochemical provinces, which partition t
turbulence, salinity, nutrient ¢suppbhuristgRO

showwigmnrd. These ecosystem contrasts imply |
of the oceanic organic pool transferred to t
in oceanography, this framework is intorinsi

capture biodi(WHerf anatnyn edty na2MiBdipe tJ Ca D &@nt . Grl ay
2025)

Consequentl vy, the impact of these ecosystem
constrained because of compl ex f or-imav & lon |
unders{&etiéeegakR02let Sak0eR et SalPdEDdr exampl
phytoplankton bloom decline i s (sthiaheenddeetzy a ¢

al 20hbh8) remain completslpy agbsentr cfer & maane wo e
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Longhurst
Province

Coastal - NE Atlantic Shelves Province (NECS)

Coastal - NW Atlantic Shelves Province (NWCS)

Polar - Atlantic Arctic Province (ARCT)

Polar - Atlantic Subarctic Province (SARC)

Polar - Boreal Polar Province (BPLR)

Westerlies - Gulf Stream Province (GFST)

Westerlies — Mediterranean Sea, Black Sea Province (MEDI)
Westerlies — N. Atlantic Drift Province (NADR)

Westerlies - N. Atlantic Subtropical Gyral Province West (NASW)
Westerlies - N. Atlantic Subtropical Gyral Province East (NASE)

1000 km

60°W  40°W  20°W 0 20°E

Fi g d4le. Bi ogeocheniLoalghprasd a ROedgf i amr egi ons. com
BPLBor ePal ar , NADR: North @ulStarngam, DARGT:, AGHSXMN:t i c
SARC: Atlantic Subarctic, NASW: Nort hwest Atl ant
Atl antic subtropical gyr e, NECS: Nort heast Atl an

I n addition, the specifics of how(pagebphank
al 2008betO@DOWE8; dteha2elnif@alrd i cl €Sealdtbégali f | ux
2023b; Maerekus2eigipdhddewd a2004et.Sa20ilb%;t. Grlof t

2021lal)i fespan a@Ov s dnetta aatO¢leeras iad@ 20 aet Sel | eg
al 2@a2e¢)all the focus of intense ongoing inyv

Il n a war mi ng worelnd,s sfi ®lnlso wicregy aa ichhii gt @@md.e5) t
is projected to drastically alter the geogra
bl ooms in tfAsedh Ea20tliIPamttiher more, | ong term t
that the N.E Atlantic has experienced major
over the | a5% 60ngkhagwli a®e d % eld'awvd ®dms decad
notable N.E AfThahtsciklBireaesaslpeoandsiemidroi cat a
nNitzschiEdwsasetwisaZkl2) t or aemdvouodnment al transf
attri bQl iaméhtae(tpe dé o.r @202 0 ;etHoal2l028d eMutaslhi nda
20244uciphygs opl ankton phen(OZbegty a20®@ 2kal; ® td-mai lteidrhia
2024; eKeh20o2r5aRedf i el (dt hr eact ol mosstr asnhti fptrsopor ti ons
nitrogen, and phosphoruditub.uadloa®») marine phy

The Mdarlitalmntdbcoedt s one of té&eamosal pploywboampic@dk
acrg$sebal( dicgerdgmta2018; @teha2hlf%;ladAaand@méhn
strong interannual vari &behastoynpa2iON0OBho tsh vtair miar
i alsefl eacedse@is onawiitthy wi dev ovaartiidkbei loirtgya niirc
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https://www.marineregions.org/gazetteer.php?p=details&id=22538
https://www.marineregions.org/gazetteer.php?p=details&id=22538

(DaMMaeeéei.na2 GBa®d)miacerroors ol chemi ©O& la d neetw padslidtdiag n
Huaeg. a2017et.Saddd®)al pantfoenhea2C@uneKi aschl
2022daer ss ale di,s tnroisbewtnildgn el d M&as$ LebtOBAR DL O ;
Cr ceftt a2 0 2 leat;. aRadrAgl )caalpstourr egll obgaLemede&R022)

Taken together, these considerations moti vat
bi ol ogical pathways | inking maraseeevosypsmem
stressors will #deselatr ierd feicg csBamdaid 06 Dpd myo Ipfo

al 2024)

The rphet ofli anlsth@api ng Earth's atmosphere dat
Great Oxygenation Event, when cyanobacteri a
envir qbmemddtmad 02Dh)i s process accelerated fol
period, which fostered the expa(nisziometamahmar i
2011; eZfhaanPgQ21sce)t ti ng the stage for the evol
di vehye opbpekiSasa ot her e20002,01@0|lcRiemgd O6fLTH s s

|l egacy now persists as ou34 PI|ninleltpbont Goudresmso tfcor
(Stoer andamenmeél A5E002 40)f 4Ohot osynt hetic orga
produ(chalokmetws &1l 99 8 ; Brooks .amdhi Bhemgutad e s2 @ D8 )
of 662 Pg (roughly the order 2ofcdarmter a&clurtrece nEa
and fcdti uorhdae(gSecese tie bB2.02 2)

How and when marine organic matter is transf
poorly constrained, i n part-odbeamusesegarmiec vaa
mol ecul arly and str-nuesaoalratil gnuamaksyseseds ksélol

organic matter shares thousands of mol ecul ar

structur al composition as a function o f W &
photochemi c@beipimla2Z&GZPhygi ngort dracio nbelnkt r at i on
weak predictor of interfacial behaviour. Onl
active, amphiphilic and biologically process

bubbl es and i njecterdoq v admnete aa0tl 7saesga .Ssafd rl aeyg
2021)As a resul t, sea spray organic emissio
ecosystem -seatéomnoadna@irather than by tot al
climatic relevance arises primaridd adtriowathi
efficiency rather than aerosol mass. Despit
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prodassed framework | inking marine organic m

and radiatt vtgheed t @ec esneh ge .

Thisursoampl i cated bgngoedifgele twgar rhiemg waves and

Arteaga and Rou®dealkd22Qq23poddl)cth alter eco
functioning t hrough a sequenldle mpé rdadipvaaeen f i
phenol ogi cal shifts modify the timing and d
synchrony between prod Gti benTie mpeadlitauggesd nd e
stratialiscoatfeomrgani se microbi al carbon proc
bet ween di ssol ved and parti(d®Inddote .gaol2ga8) c
Concurrently, altered nutrient competition
community composition and metabolic state, C

productivity proxies.

These interacting processes operate within
constrained mechanistically, strongly [P mi
bi ogeoc henii cfedte dhlhedBeHest e a2 F204) examplee@eobseonf

( sea scuwrnfneect)avled Sunh ggta.wa?2 @20) bircecmpas@B&N on

and Milon 209H¥YtY) opl & rlketnmoins eb Ikaa@nh spray productii
| argely V®veanl(obhhagdosna2015; et0.0 ®dDWH5¢et . HaoXxmIs8)

al ongblwiaonn stages spePohet| bAag22y eGam@O@B9 r

and related al Yineiestala?lcolmyonmdrea(h2ad)e been
i ncreasingly r econgondiusleadtl oarssc b h o dDaasctegympmalz iWadk e
1986etLxn@®0mMmotists (e.g. foraminiferans, r
mesozooplankton (e.g copepods, krill, cl ado
sal ps, pteropodetukkéao lyicddmipdl ssgk nedth. da 1 20848 ; Lee
al, 2008t. 8hz2mht) imbutee sted ecti y¥abl Wambdkel L8
Zheeg. a208B) example in the Semohteabr Oma&mrainl, y
driven by viral | yrper € ,d ownh inlaemt § malcloBsageaimd y
2021)

Overtanlel i nteractome driving thegqdipmodeetzses
al 2015 ;etKaakedka ;:C8AMm@gtals@a?2 0O24dh)er potentsiead |y i
Sspray c oinntcrimabduet me( Afrmueeengdi a2 01 9 ; ' I'icic aentd Gr o
al 202dmounting to O0.Q@Bré&termdhbine opgemwho cdara
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as phytopl afkeitona2p@pdma £iKtl adv@d3h)wealr lc (asa t a
al 2019et.Za2ahy3 et Ba2Ehx)y(nds! ¢ ta.t 42019 a; Hut chi
Safudd hel mygnmRalcarboy eKea r leuts ia@lt® 2 0)

Compounding this coenspclaelgafttiyoini df itrhes ,glmdwl| ov
frequent and prolongdoeatebah0 2wjutrh deenceardgeisn ga ghc
regions such as the(AMawthornkerahdndidatahall t he
2021; eLi takjowehsi)t hy ough e nrhaamge dn U taregeadii $o0icoena n
reshaping marine b(iDapdapaB é6bhilecdahrrdgnrami.Bakt ge
2025)wmdadcel s projecti nwi lad-fperraerneceulnecaesde 40n% s u mn
phytoplpamldtuecn i vity over t H{eeNbasssghd . Aald BENT)i c
S mi | mird gr, al duCSRal®&ywa’s0200nGoaz.8a2EBhDpal ng
nitrogen (meesggi ahG2 lhby)dr ot h e Baehts. aacRt 0 2vE )t we r
di schargeand De bHwer(tCabkGddipya@ @28) zoogeni c nu
feedpAk@anz 8t ean2022;etMoa2®z2%e al so bedrrakow
wi phytopl ankton . Otihmar pverdédowkteidonmnesea@aasphagn
l inks include the pervadongyt opllraomkhid @n otth a me
(FereteraR022; eXi arkDi28et . ShRh0a2s3 )wel | as tel ecc
emergishg keol @enardicyshebadaenv| ngHoaeepg @a20R &}
or sysoplteclCblgeeat a2 0 2€2t;. d2iQ2 4 d)

Anot her key open question, is how much of s
phytopbhok®MémDeiwwdal20 le5; a@@ 83 ppposefdl uoea.ncTleas
ancient(uspourocessver al tihhmoudbsiadnsdesl vwedd o/regaansi co | nal
Beauetr.® 120109; Hans el Anmardt iOcrwell d taen( a® @ {@a@nlc) c a
gl aci,astmal t(nPeaerrku @200 X2 ae;t . BB D @ Rext . PAdORB by s s al
humliicke com@lbamned t o sedi ments r es u(sBuernrsowsn ¢
et. a201dt. SAM2 4e;t . Jai2 AR gs)h phytopllarmistson hlalno @am
max productihavel bgeat rle@otr )t ed htior dasc coofu ngtl of boar
and up to ~8Q0Beaap.t @20 189;cta@ OB 2WNHi |l e t he major
of fine carbonaceous particles in the <cl ean
been shown to dir@atlhy opoigginmn&t sofuremsnans r €
i sotopeg Cabeaerynsalnl )adii tsiuori,ace waters sampl
Ocean, ancient POCleRénsfitheesovbal ypabbutwbe
1,000 meters, its pHEFKramitgo m20PEepi calalrp| ys &
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l inks with biological activity are confir me
(Rinat diaRP013; eO0@d2wWdL 5; eManskoownG)ch appr oxi me
encompasses the entire progression of t he a
(Leheathna2014)

Whil e isotope analysis r emadrnsesoa plbemghmahk sf
provides | imited temporal resolution and can
to advance under s taerdd sngl odo ypmlyitrog, atntkkearoen i s

i ntegrative fr amewoenke (bGsseadk. a2 ORMWI)i ne measur

| ndetedg,enieral ly toovpbhtemobwlbpttdiens fresh | ab
(Hanselelnr2@h2)X in cell debri s(,i P@eQyidaheast eamd
proclivity f ot haaa(Dgrealyi @k 0aOnSshf petr.F a 2 Oalneds )
recal cit(rkhineieDr®M 16;etRa204l7i 8a.r ah@Edme Cer |,
recent evidence indicates that DOM |l abil e an
in sea spray formation by altaer mgok-ioo f3dce t
during phytopHanka2li2mbadgad@d#Mi owhet her recal ci
can stil!l bpeh yg ropd(eBsndgead) kkeyy 0 1 80) cr oor gani s ms,
photochemicahd r retalteri oabi eV i atcpoanbtkrg sbsuetse atnod f
sprianydi ( ddlaethy a2020 ;etDia2tondat. £AAA2=R) spcl ear to
what extent DOM exists as trulgsdifQ®olbbed mo
al 2a®OM i s | oosely defined as the portion o
Om filter which can still | eave duwtensgdaliwtkesso,r
et. a2Q0l2hagt hevhiwer dgesh, biologically deri vec
t hseea sprayapgqodsti oovwioetnhaiisnsgr gdtani ¢ pool par
particul ate and dissolved phases

This preval eoeafnfodatsguerinfsarcael | y confirmed by s
organics/ sea salt ratios beaenrgd $seelveirmmlb wlrkd esre
Quiem. a2015; teetn da?i0idheoqr ee of enrichment de
the seawater i s sampled from the bul k epipe
(SMOh&ML was once thought to be | i mineadernto c
resear c hsuhgagse drtagwd t hi s imn tgert f tadca vaebrc d aarny'es s ur f
significant extegitormsriossc!| Wwdifrgrewmhbtropical,
everr siagtiwnqd speedsWuetler20@D7;m Sebba@dbzddeh
Ri DRiisbeats. a20Al t)hough the SMLmiaghta agudrylsiiigecha | wilne
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speeds, its biologicraédp amideclh¥e magal eenBiach me

is disrupted above relatively | ow t hwavwsehol ds
tunnel experiments and O4 . (RamltéfaROil@t B&a&Lni c
2018)Simil arl vy, transparent exopolymer part.i

around (Enmes$ =aand vomillgea nma 2rodmgl ecul ar gel s a
s T, showing reduced abundance &@nhsiaz@®lBh c
Whil e SML earrnediumetntofi sdi ffusion, turlodl ent

sur f abcyt ammgcsendi {Moalé tm i d2utklbd)mscr on aer os ol en
al so result fromChudédtyl @2 013 ;mehaiyarodtBfinreo m t h e
selective transfer of al r(evaady Peaerirxita@nOedd? ,ma2t0Oe2r.
Vill eemaaxQ22mn) ei ther case, the evidence hig
processes in shaping theaeroagoislido ofnurotf hem ben
Il i nks bet ween phytopl ankton senescence pi gl
(Miyezakiz2020)

CQf luxesstsecal emgi ndi cavtrebabdddbgreaknactivity
in shapeagerncRambhgehe and wB8crhimdnt as c200p2y5 )st udi
shown the apmneosondc&icaf ongir cimte snab mir ¢ @rbdann gsienag s g
from baictepédsioplenrzktmmad MPraetedr a0 16 ;etMal f af
al 2019bet . .AdaZla2nl)e

Overall Oceans aareer asheelr d ea (gNeclraclalayt amal Ros en
Ri chter andwi\VMehr osaeca? @sbadllitr i buti ng up to 44% o
optical depth thusl ismgygmeéacbeaeti gygi mpgbti fgeg
0f0. 31324 that the top oMaetth@m| ZatmBvepgHerass cl oud

(2N09. 3WmRauebt,al 2de2ple)ndi ng on Oce@Nlulgeamyadphi
2020)

Yet, we donEt know how oceans contribute to
changes in the chemiaealfppbecme et aemsl cfol uadalsp
phytoplankton bl oombltao@am, i lhli emlime o b red eveiesd sp)r e
suggesting a clear response of c¢clouds conden
act i(\WwWicthewti.ea2015aetBa2 ®ds; Kal ad0hZzZhehs in
ot her studies, aerwrlodsnoer easéencneasganibc ol ogi ca
necessarily | ead to(€aleithnag2®d e ipant.QRAAND ;20 it e
even dedogrggaosae@®™PN caic(ty veatttyess2 01 2t. B2@23 ) he
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contributions of these pa(f@unetireal0 1 70; e @TBCUNr rwoew
al 2022bptKaiv@daaa)

A key explanation (beyond mixing state, coat
di vergenrdCNoircelloagyr ons in the |iterature may I
carboxyl (e.g. fatty acids), a | cdt el hoyndael , ghr yodur po:
tend to enhance CCN activity (with cyclic st

in particular possi b]Jwhebreiarsg meh eh yrheesnte GQN ad
t 0 s up(pPeectsttse radt0 1 6et.Xa200n2g2 ; eB.i azhdh) i

Phyt oplsapneketimehs envi ronmemidaletdo ¢ & dhddd remmlt

functional gfoapsppeksdetranaoeng | i pids, carbo
spht eand) exemplified duri ngGui gln an dimes delmi matt
whircéehsulaned abhy i ncreased (CRabmnym2dllps pr
| i pidomic surveys of 3164 |ipids from 930 ma

surface temperature dEelpetnda2n0t25ci)pi ds rati os

Il n adibac¢ci emi a, enzymati cs(ecamgdnked yhy vorgasmrecha

et. a2015et. 420 &) | € IBo meavtn hay 0nlua )u a(lDeswrty. a2 0 2 2 ;
Carrasceot.Fd20r2@gdyt opl ankt on (Nherhetl.ccgdn0 X&)y i abi

chemot @Ixeetsca2@28) ot herwiedceo siynset eetnageievieg nrsi se t o

nonlinear and sometimes bidirectional coupl:i
aerosol formation.
Sea spray organics also are an i mportant gl

although sea sprdy ocoodgansi of magline 4 tumien 8Sreawe r
dust, ameyntst3icbB ofl7t ot al | NEhaver pahaz2@dbant
andlridvepl et freezi mpdaisre( daGEed® adOalsdibgfetden see
remote r egiadn sctlwididhhs Cll cet kK eap OTTh%®)s ealltoow ude <cl o
which blanket ~50% of the gl obal ocean surf e
al t houglhow ecoowealr age of such clouds over the
decline i n cl oudsncflourdmantg olmi dpdieenceaik.s®B G2 tip s
Goes=Ilti mg024)
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The f or mmaatriionne | adfifriogaiddl y depends on phytopl an
(Wi lestom2015; e€@r ad tneédAtn 4dRi0I2IBi))r ect associations
so far wit h Hdeyftd na@Da23t; eerfihaa2 @2 dlm)at okie.sa2 02 0 ;
EickkboffaR023; efhoa@d3dgccol ( Ahsahbeads025)
di nof | & Ve ecbte rae2sP2 ®)c hilco C Wadstf. a2@hd) pt bkaryotes
(Creaemtanl021; eDaldppoodA)or o(phhlya renst.oanR 0&2r8Bdh )
crypt oplfhryuteeddl .oad2dd Bpplhyt opba okt es cana & esgornokulp s

This phyaeplhawhktadn | ity i s thess phagnt olplt eadndst lown
result in the f or neaerio$elnifc al bac ommpo wrads et gt io
consensus on thiSabbaphecad@dhf7fbhdBh@Z2GeptLawl er
202Mpport atehh ats eOMi ni mally i mpacted by phytop
activity (ibdievaetl s fw e hlilc ond ern dsudiibreg thd ux
( Mar k useztewsXk@d4)si bly owing to changes in sur
properties such as (fSelldtetgaRioR hets.5Fd2HEHei f esp
ot her hand,( Kmaeme a2t00di; e . aax2cOhQ 8na; Otv.aahClviaci)t e
or more( €Cecegdtli.ga2s0eln9 ; e MaaZ@®@23 ;e tSea2l02eBpao)r t

t hat phytoplankton blooms surfactants and
emi ssions depending on (p@vadredtwaatOsl dcadtSasn c Wi
al 2021;etNia2€0s2dngsea surface temperature (SST
c han(gCehsr i setti. aa2Ded M ;etSaalDEGai Matr. ka g zhetYasdkdii t i on
mi crobi al processes may al sdudmsitv e g@HRIlyginnmaers & Is
et. a2021)

Given that nascent sea Spray organic compos
functi on@dcHtyge2s017 ;etBeaZ2X@ba8m) phyt opl ankton di

potenti al role is discussed bel ow.

Di atoms contr 40t @eft ¢ har onamd n20 productivity,
and around 20% of (tLledhde @ngwd @ b2 weeMbd2WidyHh-e Mi r an
Ari zmetmndia Pk O 4)h maj 0SSk ed peg @indesgma d mnt@lyed &t el | a
contributing to as much as 63. 8% of Lagtl.oalal n
2025bYp to now, the mid Atlantic (Newfoundl ar
been domNintaz eg@lpiby ng EdiwaetdsadwB®2) e more pol ar

show increasedh aatbeuptdeanoses, Ach s nma@ragi | ari ops
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inst{taerel |l at . Kaz0 a8Y erhal | di atoms are abunda
waters and also thrive (although as distinc
(Paudetova2 02 2t. 2202W8WhHhet her strong species dive
with expected Atlantification of pol ar regi
remains actively debated. As such, sh-i fts i
war ni ng solgongailcsalo ft(i@gcpiemtph.upm0 24 gt Giagd®2Br Kel |
et. a2Q025hb)

Di atoms are notably responsi bl(eHa neste [tdB 8 2 é ni s
as stwrcftaowe sea spray o rcghaaninc sf ddits ywida a2rd@I0y(d e
Rogets a2020;etQr®202alMaese compounds are produ
to open ocean silicium starvation, viral l ys
ocean (ataldsay and Gi ovamn.nahW2 £2Y0 2Bar WKium@ar | i pi
depending on bloom s{Agdsi amaad®ld@8o0nmROdLFeci
Mur iestoona202Al)ong wi tehmitthtiesd, odrigaatndam s al so <cor
di fferent p(oMi yr séancdcahnaetniddi@ € 24 h as | aminarin w
surfact éd Be cete rad 0t29 ; Bramblett and Frossard 2

I n addition, diatoms are &lCioglae nsethikk@ 1@ ; s dblurma
et . alkRQ21@i)at oms have traditionally been C ol
( DMSpP9Qor compared( $al thzamqpaano paaryd e€ cceadpea2 0R29VY 9 ;
indeed while haptophytes typically outproduc
moderate as diatoms have intracellul ar DMSP
while haptophytes contain from @G. G037 nmso (.
Skel etsoprBeenmd nraovbiugstt tahsepy.a Psredndd zschi a facadal ¢y
exceeding the DMSP emi(sBsuildmsc&kd® 1 8 @me ahaamBpph

Nitrogen deprivati on, more than any other n
DMSP production pleHeewelalROL &hidli @t ormrsleeprl eniet r
conditions, amino acids (tBeenrdt rtaon dr eapnld® eAd d N8 F
overall | ower cell ul ar DMSP content, di at om
systems through their much | arger biomass. T
are hotspots of DMS emi ss{(bDanwhand OHDo@#t bms 2C
al 20109eat;, ad@@dfA) mi ght even become more preval .
Atl antic experi enWwhe trtutanide.nkdmsdeed dd hZ20GN t o

organosul phates are al s(oDuyrréoadnma@ ® d =dtu IGR®@ 2d i1 a
26



Ol ofes.oa2®2%) remain under st ud(iTeasn gc c2nglr; a It H evad
2021)

Haptophytes (includibBmilciozrmichahdophymeessisapgin
aPhaeoxyatesmostly f dqwuerate.i cbd A8 awattoeprhsy t e s
generally categori seleamitrog tw®!l Ighhoufpdyg ic Ipd | C ¢
typically found-oicerashelpivedt eag a@aonmbd and u
Umbel |l osphaewhi cthe nauries more common-powmr owatgerns
(Bakthal?OPlh%Q)eocsppPti Are a particularly signif
domi nant in the YWes tzeaGrnaBdml0Oghn IO McSu rermg rstsi ons s
those ofJatgtadimiEdIm) summer, haptophytes can a
90% of the North A&l iaommalcesntadtit ade 0clh8 ;o0 r @uyihryd Il d
Neuker mansdepensdi ng on bl ooM&De twmd aliOnlf5e;c tR acsnt
et. a2017;etTra2i0niiB@gyond DMS and related sul ph.
(Braetwh.a&kl1993; eftaadbdse@netbua2nalMapt ophytes are
aliphatic and alcohol emitters, espeEulbtoyg d
et. a2014,; Reots. ean2wDalsds; eerMa b2 @ Bkiyt h | i pi ecshasgmi ft i
fatty acids (dSucrhikenegy e2iOrl®l1) | ysi s

Whil e diatoms thrive in turbulent, weakly s
dinofl agell ates, a class of flagellated prot
eukaryotic (pPYegtapdamMkckttFfanThesde 202d9f | agel | at ¢
domi nate wunder more ¢Chbmrge al@dt)hfired ucemnd intu
concen{Barcehegst EaR@Inb;sekK| @pa23ki

Dinofl agell ates are mor e ab(uMuwtasnéti .naa@vidadr) mer
usually reach their maxiJmulny bilno otnh e E3aedaegyl ireem
et. a201é8nhd spring in the (Sond&gtyAR200 AdIX micl aorp et
di at oms. Li ke <coccolairteh oapl hsoor eisnt ednGaco LOEMIS) e darinia
Mal in, 2pad)icul ar | y( Daafcteeyr agnrda zWankbeoheaenme elt 9s8o6n)| vy
dinofl agell ates spe¢Seemar20RBIowar dlo cimnaf IDaM
also release muci-liaghk eeaxiud attense,r whaldsyEpnasieatr eed
mucus | ayers measur ab({ $e edtenadltfcldgeawanett yvi e

marine organic aerosol formation.
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Chl orophytes contribute approximately 20% of

(equivalent to about 7 PgCLy T1T), placing the
(Dokul il andM®n iame 2@I2dnkt oni c chlorophytes a
and reach their maximum in the Mid Atlantic
wat €éBaetr. aR017; etBoad28)Such chlorophytes ar e
aliphatic and alcohols (e.g., glyceroglycol i

uni quely abundant ipnr atshienioMpohrgtahe sA tclud natri cp,l awii tr
role in ¢dDubhemetca@Oddapi te their relatively |

Prokaryotes i mPaglowdé ogsSoyenceiccehsosahdickcea & o d e sMhii U ra

prokaryotes are readil y Palbbordasrat®t @il 7 ;ectHiag e &t ¢
202BNDochl odosddanwsi shes itself by dominating
(Bardtowa2@a23) has recently st@Wdredl. 2pmnbdangt
ot her phytoplankton, pr ok(aMoycertee a2 X e t aBasllol earl
20135)wi th posmhdlngedtemisssi ons during bl oom
l ysis or foll owbabpetggazOi2udga )ac ei ietnyer al |y t h
contribute to DMS fluxes as they [doc&hs2002C¢
Lizetta2020)

Pel agophytes (Pel ®ogopmy ad gea)e pric ophlydeomp | an k|
known to form har mful al gaAu rbd cocaamscpuhsaeg e hf e we
andur eoulnbguarenasnd two opeReloz@a@eaotsepuasniideiss (
Pel agoomin@agolf @atuad in North AtKaamrng ia@0adad Arevy
et. aRO02Zheir exact contribution to sea spr.
encouraging correl dtMoahdte.mal? lo2nlkbi)k e wl sle st uldg
cryptophytes (cryptomonads) in sea spray pro
sea spray r e(mMad hmeviaeai0d v @ajts. Fa2 2 @)

Overpalylt oplanktboel | ul ar metabolitesali inphkeatai cs
(fatty p@pcllamgi ds i, ¢cer bohmy diredhtyalee spraoncei sagehna
compounds and( KWireg a nmi2dL 3darladsnal @24 )hough exa
relative functional groups <cb6Cockbabilons’; ar
Bertertam2WlPphyt oplahbtrglaeni ¢ ¢ o mp o uhnidgsh Iriegvhi teiwns
bracahemi cal | andscapes i ncl,uddargbner yirbEateise yc or
et. a2017et.Ra2c0cole;t. AR QA 3 a)
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https://www.semanticscholar.org/p/267067074
https://www.semanticscholar.org/p/267067074

Final l yc!| ibmeaptwendt s, sea sprayg ifolrelcabdstingde e
aer onedli ated nméetrekraolamgy Emanuel 20e2t2;a29lRi4) a n «
posihteiaviet h effects through ai ( BAsseetmbai?odgledn;i c
Liet. a2 0 2ett;. d2i0Rkebtgadbl 'y owing t o seal Vamr &y klkeiro a
a.l 20ptephioti d Meggt haeksO26br)o s obf s astairdamus t oXxi
pol | ytPemtdsentgradDe 3 etPa®bDake;t. X@Q@M4ah au p tCOk e
(Hendretcks20anad) ot her effects.

1.Se c onAlarmrgs lr e ghor snartAgo m g ,
Hi st oReir sgle c t Covnet se naprikdr saer ayr ¢ h

|l n conpr aseartgeeaxclio n drag ayreg rc s SIOA) i n mahrei me mot
enviromwmeret from new particl e f osrurbattlieo nc h( eNiF
mechani sms. ThepaetiotkbUdeenggakdDdinbet. PARI0OR22I) a
oxidation of volatile organic compounds and
conden(sthali legqu iast0 0 9et . KabdllBpmpWuced nucl eation
part(ikKilrekbya2 @h@) fi ssion ¢ Keott ga2ilSPAI dgeimat i
occurs through various processes such as ho
react MoNsei | | 201>=2aM&iwaeild phot odBamiggyetma nre a
al2018)Whil e various SOA molecular cl asses ha:
which consi st of thousandsobotdsmeil ni Buadc tGad
including high molecul ar wei ghtwarmpreantesc amtdi |
investAlglatiodbn.t his can now be partly descri
progresses in aer(odbsecClatmaag@d® 06pedctasdamaet rrand Ni
Marine SOA sources notably include methane
oxi dation of (dH ondest lthiyd2 O0slwl;epthBieded ¢ P | e tM a aads0o2u4r)
and oxidised OA (Kawamuaar baorxdy | Btk kaicrmad,s ; Z ® Intp
mi xtures resulting from unsaturated(€atppaac
et. a2013; eNRBRpY@2az2 at .Fado D)

Understanding secondaroyr maatrgdome ¢ o lawetriosro | r g nsaO

research challenge i n atmospheric science du
processes involved, notably includiHgl vopliagt
et. a2009; ShiraiwaBraindf Py sc8OA20@Mnmati on i s
with atmospheric oxidants including hydroxyl
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resulting in the conversion of gases to part
(Hal leqtu.i a2 00¥%¥POC precursors to SOA encompass
including al kanes, al kenes, aromati cs, al de
al cohol s, hal ogenated compoundspnhanmehbasee
Di met lpyli deuil(sDMBgr ti cul ar | y( Dandioe & tama2 Of 200r; cYui
and Li 2621 a2 @Ehsh@)t s emi Eeromp amoBOL of gl
sul phur (eJmicskssiooonsand Gabric 2022)

The storyHS) DMBiI € e nthwer beaaarsihy€ 629035 ) i dent i
i'ts eghirsosm amacroal gheveboc@adedaygbaeserd that D N

facilitate the transfer of sul phur from sea

bi ogeochemical l i nk between (okM3%nmdsdtfley amas

The discovesylophddi mMOMSEY) Ahdr saawd®8D; Lee &
199®0BnNd t heaifri rBMS sfelalAn de £taiematna Raed pdoginge k 19
the groundwbhrk acoeenddsngr ol e aDMSaWasu |l lthiua k sy
found to be omni(pLreees eamtd ate sMoad a®uildPOQe | gi nat
phot oox(iBlaa¢niesa2 00BMS mi cr olfiZdlaen g xaildba@tli)oanl s o

phytopl aftlndmnelhgsil®80)

DMSO was then foundduoi mgaaitewxaliolayh gave qniga daed d i
reaction with OH radicals to yieldLimeredrydo s u
al 20a0Md) peroxyIRi c@mdl® ks onal2 0olr5)deogr ade t o
met hyl t hi omet hyl per oxy r athiecseal st wioo Intagwirn gOHOF
pat hways also intercede with other OH gas ph
as halogen species (pantiGtasawl wnHr @Ba@uwiz eal s
HSQ NQ, 30 HaOs wel | as (dtohfdentamalk 6 & 64 ts. CehPeOnl 8 )

Sul phur o) oxameal( S® result directdty. ,&Ir200m 60 MS
Chent.  al2016) and furtli&ret.ba 0l d®;Ciosbataloiarn sad i

2018)

Het erogeneous oxidation of MSA bBSyQ peabryghel
esterification, nucleophili c( Sohepiodazd® s ® hand
|l eads to second@&Kyr aetnealod 9 Sfeotr.GraaBtibdn ePtas s an
al 2016)
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Seconadearrgys @l ds are notabidcyndi ghodsrifagoluownld

compound f(Bamate sadlknMa®G6 )l ocmbN®dance contributes

HNOmMi xing ratios, |l eading to increased per oxi
availabl e tx or efmacrgm nva st (hg pSaGa b GevReOroa2l) | the for
MSA is strongly influenced by the structure

doubl e bonds ef fviocliaetnitlliyt yp rvoOdCusc et hilroowwmgh o0z on
with exocyclic doublse pbroonddusc eo ofl eaceyric iliogw ¥ OE€ s C
more on OH r ddiokatneak0 H@hte ofnat e of organic p
al so determines SOA formation pathways. I n
nitrogen oxides (NO ) or with other peroxy r
and SOA Sytiiererdvweaiz 1 7))

At ni ghtpriinset ionmee cOcoddeeral VY §d ni trate radical s
driver of new (pHaorethiscal2d 18oe tCda@mM®m22BE3 ni trate r
react primarily with alkenes, aldehydes, cer
to OH radicals {d&KogagaddyTaghkabda26e(heSemmar
nitmratdeé £ al sh ehraevtecafbagreeh y wa st sboncginagteaed s port of poc
across (Gceeathea2 000e;t. BaA2d0S et . Bazrz@2Ey all marine
radicalwheobher biogenncsecoadahyoabgbbBbdbtemar
broadly (Ngte.sa2lOvle7det AaZza 21r;ie tD oadad23i)

Long before these oxi d@hadawn(i paT Didhaeyg silldneear £ h e x
marine sulpphurnscopat ebi ol ogi cally mweiditthieed ¢
oxidation of DMS t ¢ Swaé telat anaael sSakl dpnhcoenpi tc tahcaitd wo
formally pr €hAYeCchaabsdme Lovel obkpotAmagiesa e L
(Chareltsocal 98 hheepo gt ul ated that marine phytop
could influence cloud al bedo and thus Eartho
via secondnady atedosd.louMe cfhoarnmasttiiocn i nsi ght T
advancedarcaeyi dadlnyd. Wakledvwaend (tla8Bt6)copepod grazi

triggered substanti al DMSI| eevrril s sEKE mmEe9PDI0.)ev e a

demonstrated that bacterial c¢cleavage of DMSP

met abolite, was a masjpoerciaduryqdeBpotk]l BMD as de Ma

established seasonal |l inkages between DMS ar
underilsasngi naaer oodle. i mr mati on
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Vi raand mi ecobbgly entewiedh t thies qpdwdnudresse dof D MS
emi ssions during théBIlI gath.a&lod dBhoacecoobl yistohnosp h o r
(Stefels and Dij kehtui &leh9 B1)9a% 60;msJ a cloobnsge nover | c
recedgnas DMS (pLreovdawsdseeraidrO OWBi heet . a(_1s9h%8we d t hat

phytoplankton release DMSO directly.

Al | sfu ptphairod e che first gl obBrli d&kMSa df9l9uws t .eBaotpipma
2003; Bouadh@@d)t he first global DMEKorbodemor
et. a20G08)pal model s wer e t K é&naentaoa2tOilnly e tHuH {5 wiam
2021;etfuag0 22 ) ncl ude morper cameds steos el irke8iimiead g e
and DachspRoO0@¢hemiZd an gatQigWiettlye p e(nWoegit c & |
2008; SehwiaRkdelr7ret Hah@1l18Xxi dati oBe medd thavkaDyls ;
Hof freanm202le;t. R2AGA) mor e.

While recent gl obal SOA annual budget e
(Westetval0D13; eTfisiagalrliddi sEhr iak@d&pdabi ogeni c
estimates range flir obM3 2f I6ux ®s 18@i §gi €nycont e
from 17.6 %t(oFicdod eTs? 0SL 8 ;¢ tHud2s0WRakrt . EA@HBunt i ng
forl18% of -dparye sgdmtbal sul phate burden. MSA bur
yt( Fuentg a2021%0 QgCaStaya2@28) even tol(KilpoTgCy
et. a2Q24m)nual gl obal | oads of other recent]|)
hydroxperoxymetHhRBMTR ;hewdad Bnd2 &t. ¥k2 @230 ; Wo | |
de Jengal 2ar2el )al so Calsx (20&B)i e car bonyl sul
di scudvaaetd (&6B.24QPverall, DME8I| d mmidé ead | ¥ er comll i

range-1f 66mWM2m3 AWnmrecent (gHiodhd add&®;lestHop ki r
al 202Q, 2023)

Critics al sd(udonedsiga usa2 010 ; Qui nnaraghude B aa easi N
t hdeomi nant <cl| i matsiud pchouiriend orhédi ogmpli exi-ty and
at mospherwhidea pdtamagl (MdBgds it he | arge uncert a
radi ative foaergaggiohclomdinadg URrd sAN st amdi BMSout
have had a (mieaety aslwwcdcle £90.6 DbWAU7 ;e tS ed2lQa2d8rbi)
certain tagi Nos t(hGdreadtiamat2iod 7 ; e tSaakthle8et . Calof t
202dh)e ArKcédami.ca201 &;t. RaoARL)ar(cStcihceaal a2 01 N)e

tropWchkl iedamsa@@DIMS) emi ssi ons appear to enhanc
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effect is not gl obBMSycawmnize sltentt ,t d oHP MKXFR mpt
form CCN as seen i n Ntoheda kSa®2WOt2H )Paci fi ¢ ocean

Al t hough or gaeoseulfpehcatievse CCN since they <co
hydrophilic parts whichBrgdogemaanlu2ft@)lcAWt ensi
arguments have been advanceib Aderragael nfuanbred o
chemically compl ek Miaeto. al? Ovled ;s eElcneuz @RI 2R 0 s ¢
secondr eODMS ed SOA are stiJIndvwr prfeour sboerisnga
di sco(vaolemlt dta2 019 ;etKidPglo2u&Xxi dati oar enecbgnol am
upda(tkewdoentg. a201 &;t. @202 3 ; Goss aamdcp Kr,oé ihtel2yY 2 4
maraesesgssch as i odine( 3elldad gadihded nmpaonuen dssul p h o n
( Nowdk a2(x222)boxyamnd mbsdscontri butéoteackond
ext ¢ Chestu a201 7et.Xa2a0n2g2 )

Asecond broad mari ne SOA, spuedemiimandXiydicsce
di carboxyeéobgalkiccdaci d, saucci cdi, n afcokdamviecchy r ana b n d
Bi kkina, 2@®@1I6alZétm@yaenlbloixy (ei. . a @icked u écb.tgacli d ;

2011 )hydr By k&t.neeb@h @) ox(oKaacwi adesu.r a2 FTh&e)se speci e
have been reported to faogrhm g hn ntohlee brual rki rnaey eedng
bi ogeni ¢ Ghatredrainao2 @ bénmo n |l y r eofxe rdriesde @teoo nagsa hi ¢

( OOA) Building on evidence that molecul ar we
prevalent(tWaego aCLCNOPA have been investigated
CCN as well agChNBt.ap2CGr@®;t.swWadR0)

The oxidation wkbachicostofbWO&€s an esti mat e
through ozone suf Kialegto dat Dgeeinbe)ii @Inl ya | kweagibmo na t
doubl e bonds, créRrRtciHemdleatsop? @bk cadisniger
reactions WMaybetwaxlcXle22)oaduce a range of mul
(Mayetgal2022; StantonTherdplTaddoehns 20283hese
include increasingly volatile organic compo.

bet ween gas af(Dopahum2abDé2phases

A key process itnhae$Oéxif damiadnpnkb)n srwahdii ccha | pse ruonx
sequenti al i ntramol ecul ar hydrogen shifts fo
to form highly oxygenat(eBd aetcha20t9heodecnud act

mostly oirgvamliwe hydroperoxi deist f owanedrlviakeed i R ¢
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ctions (AOH production) i(nTvoenltgy iad @lOMss s ol v
erally have very |l ow volatil i(tBieasatcahmad c a'
9; Rer aRYPLOH)

abl vy, t hex tfroemealtyy oMO®sfvel at aut bxi dati on h
ur within the first minUUResegéhra@dOilie Chmin it
2@ahtdlie i nfluence of these rapid reactions
mame | @Poomiesi DO 20; -Vhe®Wacmanand Aumont 20
a2whlxh provided hOuetfglnoeu ttpiumess caatls pbheesatin d
ng can introduc8Odwadi a40 wedkbeé¢ ctihdld@ietsyg! i n
8)

dnat ppocesswisdefl wrtddmecompass SOA formatior
gomeri sati on, fragment at i(oNo z ied n.da I2fOulnsc;t i «
i vast a@l7; elr uvadW®Wll®gdefly, functionali sat
ing oxygen to molecules containing carbo
atJdil metyea2 Q09 nen.eal20@gment ati on, on the c
atility byabbeakbomalbtweB ovin3 xh can decr ea
s as fragmentation Kkineti cgq Lcoefiena2t0el 20V er
the otohemgomamarskedloymn i ncreases mol-ecul ar

e eveli grh t species c emodiensmelitgoh tf ofpridne iéhtitcgdde r

2which results in | ower vapor pressure, d
ri vdstad 0 & 7 ; e tWad 2h0Ooludt)

se oligomerisations reactions often invol
h two charge centres). I n the marisreea envi

erface reactions @Newk&eaZ2G2 atn d&raRa bo z an
a2023form cafBlbkgphieagta ha2i0dlase ean,al (f2dr2 1)

ul I review on Cls beyond ozonolysi s.

ond the tradpetirydma ad k,0 oXH,d@Mi@estla lasz 01 8)
reasing evidence suggests that hal ogen r
ndary | ayer chemiBrt® yatiide€ bsu geetn gacl®19,9 ; CIWA,n ¢
a202 tcopeFaia2Z 0ThE) cosbhecweem nitrogen oxi deé
sgkso further compli@zsat mi X dd saaeionaisabd $ 15 ® 8

idly acidified pr3)y marebyl byngiitmi dealkl dr



vol satiiloin. Some of this HCI Ssubsequently rea
creating anot her poathenotuigahl @pdoeiedoaatiBdle fp a8thlowa )y
2024)Recent observations and-imodeht sdmMVOE&t iox
magubstantial |l y O©&hoarmtaet i oozno npeo i anntidiant g o tcoo nat r\VoC
nonlinear responsaerdfe odedcihdenddnaa?yy 2&ngahecot her
bromine reactions with VOC depletdAraetmmne awh
al 2017:etViaov2idet . Szth@39)seen with concomitan
conceni Chdtuoas0 17)

Expanding on the halMggnkef nameWwsukpgandilné
Davis al%®0)pl ays a significant role in SOA f
ocean environments. On a gl obal scal e, at mo
equall ed over tdwitiagasatr clt2i7c Owalr nyi gndrosxeetldlad e a |
2022 )Pr-esendt mospheric emi ssi oif Sharedveaag@ 0l Mt e
witBOR being inorganial oondi wet hH®h “abdedintgi on a
iodinated hademdt a202Blbe Photolysis of biogen
phytoplankt{onelandXHaLHafICl ol BH; M2 kel 2 ,et200 2;
al, 2002; OO0Dowd saenrdv edse a.se etuhve RrOiIOM@dr y . €0 u i Og
Ol O; 1202, 6&t.malz2 Ma3;t 2Mic Fi gegta nas a2aM21@ Jo5¢;0 aRCi rdusp
HOIl , HIH®@et . al 202t ., ,al2e0v2e2nt uecllluyst ®elifng t o
concentrati ®parekcPeWiengra 0m0)

While iodine oxides are primarily r-eésmonsib
part(Ril mejgolal GMimMeti mes even gr(ofwietgd abbive; -~
Dal | E®Ostad018¢dcondary organic f ormmagthito nb et hlrionui
as-l Candd bkbnds are relatively weakun fnaavko unrga btl h
(Kesestl.ea201119di cz)acind p@Hlit ©cul ar, despite | ar
pat hhe&yetl &a2@2tpunts for Mogtomdafr gtelde i forda sntel
formati on. Recent investigation®Hhave -f eveyl
CHO) functionalssedgribyphicgagmebei odinée oxi des to
carboxylic acids (e Fgeltereaciaplld®rzawidng i wellli ci nr
Ai t ken( Huoosdieg a2 02 2 a)

Althoptthigulacid has been generally rep-orted
met hanesul phoni c( Mieitg ag M3 2)t . el Bert £$ad 23 )a
the addi tswas offcEHhOlyYy demonstrated to i1ncre:
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orders of(HmagrmkR@Bd@® ypically repo¢Bhaedear nanlc ol c
2020etlLia023a)

Il n adadidtiinen,aliongsi deawd® M i be(oGhcasnee i de® and
1980l)so further cd&$sleozp eozz coanned dveoml eGH tacsailvd 12001 2
l eading to the formation ofHureotlgea2uOvwa2tahi odian e
very short react i(ofetteitnsemadfl 89 hfeesve Haewpr £t i on
partistudduwrgiyng spring i n( CheevtAdasal2d®1t8i; @ Bemd vAIM
202&2nNd represent the | argest thoughi omzoosnte unc
(Chaentcea2 W20 h gl obal cooling | mpa2(tSdiezperz mat ¢
et. a20F2X)al ly hal phase ipmatslke agas a(sChieertmp arlt an i
2018; Wol |l esenaBl@e2®@)otnlger ecent model |l ing wor
oxidation products could also stabil(iNNengi odi
et. a2022)

Li kewi se, broader VIOsAC (p&liofegerstaR 82 et c mRtAR 1)

effl orescenceHaarng ph@zkc st t.leahld 2azeht cXai2qdn2g3 )

photochemical enh@gbalkieétdsa2drl lienlCia@OG®gnng of
marine cafbeppdnhbar@2ugl atil e orgamhRegeatome ourt
al 2018 etPrmpPDPRliipesti ¢vRnoPessa20R2) he paired
ozone an(dGassetiodha?2®@14; ®&AwmétsRi0OR2I0O)being invest:i
agueous phase a-ti diehdah i a2 02 @th.l X2 @dD®M) i nvol ve
nucl eophilic atlda clar boanydisssloil ked gl yoxal | e
condensati on, but the relative (rKmlwasnuofh @anc
Bi kkina 2:Rlibgdi(c@iest . akR017)p(dAldeawharayl2013)

formal debty.da2 Q 23Haand ammomatfata2 @t 9 prproicegses
(e. g. hydrati on, hydrolydiaggpg. a¢tmbd@2stand alod

understood and are jubbrbcompl gt emBemmep0s dmhie

previ epusa sgea o eosceersispetsi on s .

Overall, despite major advances i n marine a
existing studies remain |imited by short tin
simplified representafTa omwserodonbe otl loegd e all i mir tc
adopts -yeamup-i tmutl tu ment observational strateg
ecosystem modelling. The methods employed to
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2 Met hods

2. ThMace Resdaaehion site
Mace Head At mosSplemsiomn aRegearadhy | ocated on t
at 53A19' N, 9A54'W in Connemara, County Galw
the Atl antic @Qcleaneteaass talbiove @&stea5 | evel , the
vantageapomobsphtor ¢ Ohdeiwwda2@s84) he peninsul a i
open oceamoaitd ymaeves d of ant hevopaigzhdikpsearf l
air masses, originating from a Qroingetnsal2 0dl7g an
are predominant| (Fisgklegiuesch ey dwdgt d Apleiegssbae |
systienmiser spersed with episod®©y adhnetwy.ad2ulel oa) t
This sectoring has been refined and validate
definitions of c¢cl ean aatdatnael apar tih&sl seatscdai ll natn d
2009; @GD@mawO14; @uadch@ae@ddlad e
EPSG:4326 10 m Wind Direction (ERAS5) overlaid with clean sector 190-300°
o e g e
ATARTIA
21272 2222070 AAAAATT A
2 R W/WWM/;/;
[ 221V IR T
g
55°N Trrrrrriirrnns A
Pl /
53°N
§ ;—E—B
B1N e s~
PSS &§§§§}§}§§§§§ﬂ;ﬂ2ﬂ”ﬂﬂjﬂ e
- SR e
N 17 RSN M
NN W@\x\x\\\
NS %}p TR \\‘\\ )
§\§§§\- i i}\ﬁv”ﬁ A b ::ﬁl
DR
15°W 10°W 5°W
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Figarle. 1 Mace Head-3dI0\gn oveatl@arn d( W9 QA h EWRIABerldm w

f

or a typical
Thet atbamgepyesent ati ve
especi alflor

phytopl ank€Cawablbio mgddt0d. 432

uisrapmud viuwmngder
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dynami cs oveEearstt hAd | Mort(tiXet a2 a2 @hed eby featur
hi story of €bnhuotaciieewtgiasms ntgo mor € OblICamin.68I1 y e a

1961l)establishing ther wsnmnienga satommoes pohfe rti hce momn
Europe and provideicrmglaa uricoue mdl tcihanges in
Hi stori cal mil estones include the (blwrkeari ng

al 2006Mpl ement atCOmeadsdurcome i ¥B8 dastst a2 0 A )
ot her AGAGE/ GAWe_r%ilnenvoanhdtsazi@G4e.seMeazd@@&r Cust o

et. a2@a230wslubmasron speciated aer(oGobDewddl i ne
2004; Getb uar2i08 ,h € Ollalt)e 1990s and early 2000s
focal poi nt for maj or i nternational field c

sci encRARFIOORECE ( New Particle Formation and [
campsaigaonduoctlléA®8 map coast alanaderasucle fseramast)
plumes the North Atlantic Marine Boundary La
August 2002 representetd Kanemtzt @200 n@ejiDaalBlta 2 n t
NAMBLBWasne of t he most comprehensive atmos
conducted at Mace Head. Taking place from 27
invol ved over 50 scientists-oftrheemt 12nsthhsdamemt
to make detailed measurements of Dboundary | ;
both gas and( Gawvraolsloil 2péhfads;e@B606 mi H@a&00G he
c

ampaign provided one of the most comprehens

to date, with measurements covering an exten
DMS, CH , NO and various .hallhoeg esnt astp eocni' ess p
L ami ndir g idt eadt sa, | ocated within just 120 meter
enabl ed groundbreaking observations of iodin

l i nked t of ObWaelwelaa 1i 909n8 |, 2007andV2rkew 2 p 20t0i29 | e
evehbdioppetz. a2006 et Had0BR@ade initial campaign
aerosol mass spectrometer | eld RTtoeA MiShte Ma&sd a b |
Head, pro-eodi ngumesar measur emerdttshosiigmc es e@c tsal
were first detected in mari(nhkRalalettOs=tdd O dphss s
precise quantificatiofOwadnetodaldxlBi)emddaruiyt, i
spray organics had been previously inferred
t hat their Apri mary mari ne organic aerosol
guantitatively charact a&irdites2eddl Ifao,r T2AGhkEebf A d\wd n ¢
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enabl ed sdbase@geengh i ntegr at iionns twiutnfeXetioan piloenn
al 2021, 2pakeamegBrR deyteillcddy me méeetv.aal ®14bgr 2017c¢
model s e(vMdnusmaduraho 2 4et . Cikednd®) mMdries. | egacy con
with the onrW®G nig CORBT (2025) campaign, whic
ambition of NAMBL®M hbey tsciotoup,| ifnigu xs,t aathed s at el |

elucidate the mechani smsemii ki @ags mari ne VOC

2. T2hnHi ghe soltuittadoinhi ght aer osol mass S pE

Building on pre¥xhaps$ sbbwve 8gat-TheahMS heanHR es ol
the chemical di vaeespsygholf udaAnp PMWMOAL | oo xi di s e
ant hropogenic organics and mor e, the follow

measurement princi{Fplges gof2.2hd i nstrument

Ambi eaet aagceel f i rtshtr odicgeghnwmau s e tmp | | (Kl erelf et d 200 2
i sokinetic conditions (the inmelamtnd | opve evck)l otca
overall p@Vdn cDeretWak®&9; Br oc KHiRE &A M Ohleln)

comes i nto mleayapapdr osaacnhp Itehde i nstr urhdretu. adr od:
1995, 2007 ;a2fr@wnpuer 8 2.hd.sl Il ens features circul
smal |l er di ameters eventual lbyeaime adiamg otved at c
instrument(téiezeai rarbgeceam streamline expands t
particles Dbei ngbefaonc ucstentt | even anli 2n0 GtOhteer t hi s s
particles are f oRtuosrerd icnhtaombae rv.a cBieufnor(el Ot he e |
a rotating choppepawkdel adiah sWot$s88Aparat. i
MS (mass -tstpeceadhaupnper i s open, allowing al/l p
i's generated by subtracting the Dblank filte
emi ssions during whaincdh cthhoep pcehdo p(ppears siisn gc | oonsleyd
si-zesol vddsmasbuti osi mbdasuTéd@eretxsa;ct si ze rar
transmitted with -410000n%n ewh & rce aesn ctyh @ se f1f5i0ci enc
broaded 0 (ramagreg a2008t. a200particles small e
simply have too little inertia (tLoetbeald®fOf5i)ci
whereas particles with @ifdmat ermeltiiegheamptaltan

orifice at the very bdgdiagmiemad000) t he samplin
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Figure 2ZIoFx. AMSHRchematic oDecCaebt@abodapted frc
The particleapaue i tskeen ufprloemsihshipiaxceldywdd 6 Af ace (
AC), and the resulting vapours are subsequen
tungstern moisltamentcul es requilHef fomarwyn ~daeV t o
StroobantAf t2€Dr0 7i)oni sati on, al l ions are acce
energy, so |lighter fragments reach the detec
reproduci ble fragmentati omepaheémmroal characta

(Jagmn.ea2000; Groseat.28200he)Pe Caoh® foll ow two

mode anmoddEwWgur ¢ 2ma@dvwd, iions follow a standard
W-mode, they undergo an additional reflection
before reaching the detector. A |l onger fligh
| atenan broadening, reducingmddeteptobwendesf ht

sensitivitmo,dewhherha ®asveW greater umae® 0i0ds ol ut i
mbmf o rmave a n dmbmdf CoO-thoN(eDe Cat.l a2006)

Mass calibration is perfasmad Bmaoaubtoeli get oac
mobility analyser to nebulise a know concer
aerosol measuHBOUORAWMEBMabon dhernhaeti on (Jaghniecl e
al 2000; JiPmeenveizo u2s00c3a)l i brati on studies have
~1.4 for ambient OA due to | ow Cwharaigetriak intay
2007, &t mak 612et;. 2Xu@ B8 pi te different function
intrinsic mol ecul ar el escetcrtgfnd in menp e,z t t2lDeBrBmasla
decomposition and i ohMsaeth pal 0r0dgit @ ntesah pihto n
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(MSA) RIE is on the other hand much more var
to (Z6elth a2008e¢et Hakhlg7et.Z&o2adiPlgd egc hi eve quantit
concentration measurements, both -cdeopémradenton
coll ection efficiency (Ch@mBlunter feact iacemrso dayme
| osses, air beasnplberniadaeini mar tfiocl(dd®mnaad@0pay ti
wher easi sCDlCCsEed to adjust for aerosols bounci
dependi ng oompdsintiiceman dependant v arnida taica nds tiy
( Mi dd | eth.r @200kh Pt)yepi cal ly considering that aero
| osses ar(eMantegtleivigd WA&PCE f urther requires kn
detection | imit which is estimated -a-@aot be ma
ratio (SNR) 3 times superior to background s
the chopperd)i deTa kd g A ®a ;e tDrad @MyiOpdiRkd.olrl y,pen oce
air masses, t hhea sCOOH td pep reofafcehc t onas$ hemosgtuuan
i norganic species are neutralised 6nemonéeprt &L
ammonia sources required t @S @aalda MRS dotattalhydr

The sepa&Aat indn raft e, sul phate, ammoni uma and
fragment gtAil @manta@ DtD@ bdet er mi ne mass concentr a
species subtracted fOcamsaiornadiyg daulr i mer t(u rabr aet)
organic and nittatdtrael 0 agmene at eadnrtori guatsiemnus
the time series soft httlme ufsietddt edisNeadi @ t he 1t ¢
for the fAairbeam correction, o since the full
smok®rteega2013; Collier @&ndaZbad8)py 2013; Hasl

Sea sal't is then estimated based on & scalin
(m/ z 6E0Ov 86 hetv.ad2t0ch?2) e MSA was quant Q@ ed by
ion (Ovaedn@aVab14) such as;

DYO 0 OYlzgc@ e ptT QR

where the numer i craes pceadfidviealpyeInit sd rAeM3 ecal i br

(including nitrate i1 onisation efficiency) an

| nt er fferroem cMSsAa mdh Ghaomeounted for as foll ows
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To over come apnadr ttihcel en eleads sfeoérDrae WerbiCcal? @ D& Yy reecw i C
captur e (Cawaosr irseerentwiyt hd eav(eBdid poefd 011ert;. a2iOwR 4 b)
as an upgrade from the standard vapACsSMer ( S
instrument ENwoseddtw@®@e 3a) uses a mol ybdenum f
80@Wworous tungsten one which presentss00Ohe ad?
600ABi raoka and Kuet s miRiQ& loawi Inlg;, tWantghi s i nc |
resi amandefferent geometry (narrower entranc
time is increased which creates more collisi
makes for i ncreased sampled partiCcXets. alnd ©b
2017h)nce particles detection is dRIfE@&D ent i
1.-2714 (much | arger than SV values(Heotwiad 1t79 |
whiflreagment atS@n NeaOadb i &r gaghrd aftHed . a2017; eNur san
al 2Q25hb)

Hi glresol utiion famead fyesrn meh/ iom tehaec hmals30 rma/nzg ewilt2
ion fitting applied to difference between o
composition (CartéenH,grM,up®)d, iind@sxHh&Po;i cal f
(z =xHO)(,z CxHNy) (, w C= xHINw ( wC>,5) yO4 CuwHy, w®, OS and
&Swhere the indices x, vy, z, w, | represent
Theesleement al rati os ar e-TtORAeMS clo mpearraatbulree tvoa |l a
infrared spectr Badipiyalndelars;ea tYeaadedridhb )

HRTo-AMS measur ement s f usrotf herhee nO8Ab lhey ga ntsicrmoagti ic
(@er@he o#agamwmicc ated aer os ode tweartuesrin eagio nKi®ehnl te r ( Wc
i n combinati on -Satiotkhe Btihnes aZnd afmBotxvoskkg sir ah @ , Robi ns
with hygroscopic growth pkraimedrwdise Bfed rordu |eam
and Krei desnwmeeh sas2:007)

. , Yo o,
w ai oI odi O'WO QR
And:
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o't B2 N T o Qi

Wi tdh obeing the Dbul k OA" ggaosrsr ec pmo@amh irtaat | o @ n s
(assumed t‘&Kbmml]al.ta%a@_,(]l-,ﬁo@)s the organics hygr oc

i's the relative humidity (%) .

2. T3h8canmMoimig Parttys czl eer

A scanning mobility particle sizer ( SMPS) [
di stributions (PSD) mai gy s iodtbiran gdridf egiend i @
anal ysefoll DMAgedndhensaati on paasi st hematFn ggad e
2. 3.. 1

sheat flow
| t
L 5 &4
Neutraliser ¥
e . T 1 n »
Sample - + Dryer i o > DMA — CPC
Fi g@r3. 1Schematic of the scanning mobility pa

St ol zeentbvarldg.202 3)

First, a popul a¢idnolt [Ep mgdnbs @mrese ubi ng whi
dry particle free air in counterflow directd.i
of the sample air and | eaving particle f1l ow
pol yddpsapretriscl es are sampl edBddawsuag hs aamp |iesdo ke
aer awle an unknown numbeir kb3SLiahapad a2 luysaedne
afterwards to correct arme @phtrdiic]l @sBalhtaz ga&n n
distr{dutaomment and detachment eveNitshildsyg r
et. al2025; Wang .dahdsFl agds, tb98@0prges5eé¢ypica
and 5e depending on the PSD (smal/l particl e
chargeshs, whiglee8g e asgelh as seaveoasli t heese cha
resulting in accumuCrleatn ca? ONdd Jvea chies nieeaardi ntghdi s ¢
a strong charge correction bias around 270nm

by about 35 %.
43



Two types of DMA ar e tbkreoaadndy WiSeénén aHet w&P 8 y |
provides higher resolution for smaller partd.i
across a broader size rangéeWbuklemwawh9 rigcrh |
this trimEent spepreferentially used here.

After the polydisperse aerosol are passed th
reach t(hhe gDhMA eukel uWiipwnl ertaay a1l 9 9w hiscta cyl inder
an inner andf ooruienrg eal nd cataanneed eitsd eggmyp efarltd mil rear
fraeier cal |l pahasdhe datuly-bd ihnypiaghm ¢ c ul aAtne edierc tfriilct &
is then applied between a grounded outer cyl
to establish a radial electric field that d
mobi |l ity, -seenlaebcltiinvge @EANizaeddxirfsiodad t2dsBi)t i vel y ¢ he
particles are drawn toward the rod, where th
with high mobility particles collecting near

the bottom. A nafio@wheétgitthe ®@MA@amMmoinolde s per s e
through a slit, and their coarcelmwhyarmaoni hng t

particles are ekpPettedswRPOh8excess air

The size of transmisbhedhpageéei ah@d€dMiralyiar € pg
20189owever, small uncertainties may arise wh
component s. Vol atile species can partially e
particles may grow i f the rel atitvd ulhdmi ciotnyt |
(Khl'yst.dwd2014) andard dry opér atciomgtaandiftio
temperatur e, and pressure), particle size re¢
together with the sheath flow rate primarily
DMACLiu and Pui 1974, Knutson and Whitby 197!

Particles then enter the camrdaeansdetri otnh ep aQPtd,c
pass through a heated saturator -wheaeolt heapal
and subsequently encounter a cooled -Boadense
achieved, enabl i ng opvafhwli zdtet sapct20%a)hcent aprd D
separates particles based on electrical mo b i
particles can have the same mobility as sing
the raw data which nkiegddsi $ oddree acxxoauhaege fo
algorithms which involve solving a set of i1
counts to the actuabPfedaf@0llé; sPeetdrst2O0haj
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Il n this wor k, the aerosol size distributions

scanning mobility particlDdMAFISZemod®IMPB8WBOw 4t
condensation particle counter (CPC, TSI mo d
ol | AQITRGWBI ddIWircadeeersoh2@r2., TheoODBA)sheath and

fl ows wélr emhasreld itho r es p(eFca sistentag OTh4e) r aw DMA da
were processed with a custom made | inear i nv
Pfeef.ea(l2vhlid)e correcting for CPC efficiency
in this work adheres cl(oelderso AR 4de;tp Ghletni c
2016bay) maintaining aerosol number si ze di st
conditi @NBL@&0Ot%i nand by accounting for upper
instrument | ower detection | imit is estimate
the raw CPC counftWardgprdrlaes poinzde nlgs i an daa rdN/
deviati danddppmeedmbcit oo (0 000 dibg®. 4E5 cm
u

%due to coincidencececwmunting beginning to

2. Pdarticle Number MSil-Med &d gsrit aorFibeubt i on s
To disentangle the underlying physiCtamapeoc
i mpl i clanttiroondsu) c(t ifbarg Mlarlmal modes are fitted ov
rangwkitby 1978; H eoil N tdiwesnsegeirmp | (r2@d@Pdmpmendat i o
and | atter (baptma2meéat sZhu saunadh Wang 2024)

NI 0 ) [ 17Q
QO HO i I ————tA @D Q\ - @ Qi
Vical T G ¢l 1/

With Dp being the particle diameter. Each |
parameters, commodenkKiuambigeo met y4, ¢ awnar igeenocmreet r i ¢
di ameter Dpg;nio.r mhhe moateas! QueHewbi ki ng ®o0met
needed for scattBiri Bigagiad @ n@d mer rsaltdigomase@l spr
present-dd mowieteh t he usual 3 modes for nucl ea
fourth mode someti mes used to accduwretldiegrr iwi

al 2006 etFwetlO®dpt Sadhvl Bb)

To address the challenges of fitting nonline
the data span sever al orders of magni tude &
sever al Rp tpiamkapieson wer e benc hMaarrgkueadr;d tT hnee tLF
i mpl eme nmiendp mciXtoheri g a2 01 2et.MadyOelrSe t .Ea2kOe2rgk) a s |
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Newton optimisati,om wintclonlsd x ad orewlit tr ke ipsatr awiett he
PORT r dutdmansesst Rt sound opti misation bwlqgpadr at
(Ypma and JovMminshonor20wlile)hebu-t smhgge, di fferent
(Muldtena20l1l@enerali sed 6Gwmbdtafa®I|lldnnaconveaaliiamg e

matrix adaptati(©OBosyeolk u20bth) strategy

For each candidate modes number and solver,
information criterion (AI'C), and Bayesian in
model with the | owest BIC was t a®oeond naess st hoef ni
waisndi cated reyirdarmdemlpy ots (Resi duabsivsvel e
residuals indicate that dawhidderaap@inessi shedé
positive to negativesshnligat e mphope de muletfif g
corr d dMteieadr a2015)

2. ource apportionment Theory and Dev

The analysis of | arge Vv obkpmes rnoareestdrayeamegnit ¢ d Y
mat r i cheisgg hwwne ol uti on) have been made possi bl
which in turn have driven t he, id.eev efiluospimmegn tmaotfh
and statistical met hods[ é] to provide maxi mu
dat(aKowal sklin 1e9n8vli)r on ment al ¢Vudhaesal2o0oe&eeptor
source apportionment methods used to decompo
sources (i .e. distinctOnemimogdiedn i or ipqirnd cad aj
fact or(iPaVEFt;i oPnraat er o ,anldasTalppen , wild®l4dy adopt e
decadgsPamaver o and Tappamdl $UslwesBdatldryo ub®ac¢
of di fferent -TiGmAMSr umeagd!l, ut-BBBMhi ghitme aer osol
spectr omeatketn, aé 2 Q@8FS Mt ronie fa ergasi@Imi c al speci
monitor; etg.,al26RFIFIpircont on transfer reaction
SI owitk. al 20 IEE)SK extracti ve el ectyod | sghay maec
spectr ometeetr.;,ale2.000.2 jTio(nege gf ieMawk 2 0 S¥PB L agnni n

mobility particeéee. 8iZ®a3ak eclyr 0O Watesiasad mi y )

wel | as ebtahseerd mmeetarkinxr e mer N 6 €, any environmen
yi el dg esotlivieed data matrix al oyl dvnlaéhy s@dagsio
PMFSever al met hods i mpl ementations exist, her
too(Kanoentaca Wh383) used to run the PMF algorittht
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The PMF -NeswtGamu sgr adipegntmi dad ¢cvemtaihenchmait gse® | vi n

foll owing matrix equation using a weighted I
@ G0y O QAT

Wher e i represents the time index, J repres

number . Xi, ] I's thiksmabe m®mpect x ao fmaktijhse xtshoeGr c

mat r i x owafr dtalsgt roarfsi)l jeigs, tahned neEodel resi dual mat: i
the data matrix and the fititedl sodeéautiloa) med:
uncerteaigndry dqounting <#atni srnoicker afd@#R MiSo n

masur eemeGaegb.i.al 20 L5)and F values are iteratiywv

|l esgguar es gradiemi ndenackimty gugbrtyhmar ameter

C

QF, 0 Qpp

) Q ®© B 0y
600 5 °© MR

Wi tihbed ng the residual not fittedlGpegei hbet med
standard deviation of t he est iAmaitgetai netr,r otrtse
measurement matri x c¢armROhdvdetamaryswcald 0 @9 ¢ eq umeceknl
assess which factors solutions are mathemat.i
consisting in normali singxp@ plrye saenn teixnpge cttheed sty

of freedom such as;

0 Ea na a Qpo
Where n is the number of samples, m is the n
(Ul beti.ch2009; eGanndR2dg pi QaQex¥p 1la 0 represent
solution where both the variability and unce

when Q/ Qexp values arel k), gntiHiigcainndiyc ggtreexatteh
underestimated or that there is high variabi
captured by the clunrcreernttaifnadteosr si ns oAMR iroensul t
either random data value errors, rotational
checking residuals for each solution, if mod

nomor mpg!l ist ructure over time andilgdal® hoofwsv ar i
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the structure soff uai drypabsabwttiMeh s¢al ¢édwer aor
di stribution ceantsrteadeiutdeadan( @ hZa gtalk § 1€lt;. a/li a
2023)

A) 03—
02—
0.1
0.0
0.1
0.2

scaled residuals

B) 30

25—

19/08/2015 00:00
21/08/2015 12:00
24/08/2015 00:00
26/08/2015 12:00
29/08/2015 00:00

o
o
N
—
wn
L
o
N
=X
oo}
o
=
©
—

04/08/2015 00:00
06/08/2015 12:00
09/08/2015 00:00
11/08/2015 12:00
14/08/2015 00:00

20 RESW_total

mean = -0.000365
std.dev. = 0.010944
Gauss fit

center = -0.07 +- 0.0084
width = 1.417 +- 0.0154
sum chi’= 5079.4

crit. val. (a=0.05)= 120.99
fit accepted, p = 0%

15 —

x10° histogram

10 —

Fige2r.@Absolute scaled residuals time series
di strickewnttorrrerdd mostrrpbuwd&&dand 3

Thi snegati vity enforcement of all source pr of
of PMF over traditional factor analysis met
physical i ntHowgvetrat idoonn ng so Iintooducés ng o1

di fferent PMF solutions (combinations of G a
presence of somey giodalnlty armévaeerimdgnftud olrsunasnd s
overdadmes drawback have beemed@pWwabboepered and H
2003; Catn.oa2alclo5 )

One on t hel neparrolvieeasstin é¢ksé ynt rado gutenbi d ewonf wei ghtir
which ensures that measur emetnot si s trha thiiag)h wa
|l ess to the overal/l solution, whi |l-eomesasur e
rati o) have (gPracaatteerro iannf@cutkanpckee n 2 DD @) when i on
to adequately redistri but & otrh e xsaingn eebcnatshpee Cik
be nfluencidldN by Otbe easnmennad v)e d to i mpwhewe PM
organics are too c(lXxadge alO01bagtka2@a2gd | evels
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Foll owing the i-mhaoosewdiowmt ioigsigmlasequent d

addressed the iIissuewbfchotani eagi-Wgmbeguabya
pl ots between time seri(etso pfkaec t 200 650 ., paeB.ar@fhi)sreo c
Rotational adjustments are udeftceredaeggwehehu

i Riglr & I n the absemomedBPEAKgeatluesflennwngilng

with steps of 0.1 are introduced to fix mode
sharper F matrix (source profile) and a more
peak values | eard xt oanad samesahraerdp e nG@atmatri x, b

navi gat e ftfhebettrnaedeen TCtlepcbarieygy ahdsobhe cl ari
contripPkdaploeams2000)

0.8 0.8 — 144
1.2 oL
~ 0.6 06 :

e : e @™ 1.0 1
— o E

2 = 2 0.8
<04 < 0.4 =

o 2 S 06
Q 'S L2

i ' o -]

So2 ' =02 o4
. . 0.2
0.0 &2 I 00 ¥ oo 8
[ [ I I [ [ I I I I [ | | I I
00 02 04 06 08 00 02 04 06 08 00 02 04 06 08
0.30 = . 0304 : 3 0304 -, 3
PMOA (ug m™) -, Peat-OA (ugm") Peat-OA (uigm )

0.25
o o

E 0.20 |
o
2

< 0.15
Q

& 0.10
=

0.05 — .
”', 13 ' i
| |

0.0 0.2 04 [_'.)3.6 0.8 3 00 02 04 06 08
MO-OOA (ugm’) PMOA (ugm”) Peat-OA (ugm")

Fi gg@r 2 Scatter pl otls) /b2 tRPWFe nfi eeohedNONs(mMb i nat i on
showi ndjefwieméd edge clusters -bigéelcghtedr svith

Constraining methods wer e Ca i eanta. dasvdebl3g9fpoerdc ea n ¢
prikmawn sources (whether profiles or Theme s
approakhew tohexplbbébueéi ons robustness by wvar
around the consthanges fhetoet (vhi gheudor and
initialisation) along wi-tdal a@eotwkircipadamenes

by which the sol wstuicdhn aiss all owed to vary
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“stol ut i"%mchoqg't."%ncho@ﬁ-[

The paemeges fromr® twmdlcawkesr ¢ hat the mass
constradnledc,orandsponds to a compl et ed=y0.wLncon:
all ows the solution to deviate I§Yanpenttcaol2 0 %
201 3; Chebaicheb aetd. 4GZ%3Rult 2025; Si mon

More advanced PMF froef iexemapidast aarl ts od reaxw bsa ¢, k
is that the determination of factors may nol
mi xi ng of di fferent sourceacdependiong obohi sme
nor mal i sed PMF has r(eDeaeitn t B2 0 D @ ;e neS a feavRe® 203p; e d
Stani mtr a@28hi ch introduces tihdee emrtaduactti oonf
average wind speed armdbl|l bwondhrMolrbe&yp e chiefiige
refinements have ®dlood sherReht nddeéTeeLCakdhe,;
Simen. a20209) i fdPaPMErta@B015; eCam@m@m@&dpmg a 14 d.
windows, with a 1 day siAf abatklkdaeOPEIrsemesaetds
foll owing diagnostClazeteuah ¢ @dI22NFeRe @e e@tp i n
al 2016; Vaesti.l a2k002p20;ud oufad @ 8 p | a cie.me.’;t Q¥ Qe x p
stable i f ;Bhane@eals2h0i2f2 te dad 2 Wh 5e;t. Raal 20d #d n g
speci {ii.ce.m/ zZAr e s piednsi a€edmazchabeasanwRidfef aul t

2. P6ost PMF chmme me spretcismea seri es

2.@Mass spectra similarities

Because mathematically optimal source apport
intesepvetal approaches have been developed t
series. General |l y,masyoel uctoi nopnasr entla swsi tshp(edcetbrear e n ¢

et. a20R28pugh swvatstuaidgbdyeortrs siomi | ar and di ssi mi
correlation metrics are often used td¥eguant.
af undament al problem with corr-di menenomatr sp
Aerossodnt ain hundf€admebhiofal 0 abpi n-based ameétomni c
suffer from the "(ciure.e forfarglimaeaernadi oodolra Inietayr"i t vy
hundreds of m/ z bins inflates chance&vearrel a
when significant chemicals diffeflvezemse®fcmibgze
bins, these meaningf ul dmd f e r rewn o sie wtsaen sbée o v
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m/,z mako mrgelmat roos i meamisalyd nvilec atlo( Yar beeae c b ns
al 202B9r t Alissragneeasoonef similarity metrics he
197(0%c heeuthea2t0 1Bi)t h c o s(iSteeisni minldatrsidtoyt tbel hHYP4 )t |
most widely wused alaonndg nwoirtnnaoliiastapthiaocsnt 9 e s s mh |l h
( i ptla&a2o01et. 2a202B8¢cently, a new metric call ¢
shown to outperfor##Scesimne as (i eyl adiatRhaps @ers E|I
therefore used thr,ougihmiultanlhye treswddisnes,ectthro
values is rather high (>0.075 gvmsteint haheemdl s

peak 1 nttleensspgeaecctsral entropy i s
Y ‘0l 10
For two ms A and B, a combine spectrum AB is

intensfobiéeswed by renor madq wsalt.li @ldh es a ntwhed tg htt &

entropy similarity between A and B is define
Loy oYY Yy
3EIEIApOI§—9—Hﬁ;[ Qp o

To i mprove petrefndrrmogryc e percploaw (3 mée otrmatdomi na
peaks), intensities were further transfor med

i nt einséveyi ght ed as
Oax Owi tOh pEME o M@ v T® OYEXE 0  Qp X

Tdurther visualise m/z differences between t
(Guaet.i a20i2s8 as)o Emsdd spectrum-dismerpresaint egac a

ion intensities:

~ ~ ~

6 L h BN B 1/ BAE 8 Qpu

3D — E¥E N2z — 1 OE A OxAENOAw
Posi3tBvwvael ues indicate the i on is relatively 1
the i on is more abundant i n B.

2.&i me Series
Fosource apportionment time seriedopwnesul ts

physically meaningful vtahriaugd o ndsori roeolaattieams |
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sourmnaene (seeageds oxii glarmsieads will typically corr
bi omass burning organics will correlate well

along with thei(€haptemag8sé® of origin

—

| correl ations f or thientea usseer ioefs acuatno cad rsroe |
Oi se Bedudcitedal 2vthd C)h can i ntroduce type 1 (f:
rrors (false nega-moroensa)n,d -Innoene a 6 i (V@Ileiitfafiaill o h ®
020; Chatatnedojse ¢ y2@2ty el ati on dd ssamlahtd d ynwhami c

N ®© S W

—

i me seriamsdpdopemEti esccount Adto.ra2c0o2ndf)oundi ng

For thesea armesiftssompsy (TE) i s i-hineducesdgsbooi atp
bet ween Mf@ismet sreeHimevs var leod g oboedf fwe eman c y

comput atiPmakopgemsk o aTnhdi sL imneaehio elaltlpds)b een succ
used T aereteldi eamtg a2023et. Sa2r@alRA WEN | mas e

(Del Badeatl. a2@Bd) phyt opl ank{®WangiahdgCostvaedt et
and -apeass codes can ReTarsainlsyf ebreE nat cRaepsysesRld p(aec. kge
al, 2MEL9%)s a prediction model that quantifies:
series X and Y by determining how the past v
of theSohheirber th0 &0 )wor k, R®nyi TE, a gener a
used to quantify directional icdrafndf c&faacoaubht a
for spurious information transfer, the trans
ver sion of .Tthhies tsihnuef fsleeralif dessd¢ ti imae et(reaEd fedlrs e nt
used to correct for sampling bias, ensuring
assessed with a bootstwappedoMaritkse thann. @
significant informati onaderanisst erreBfleebrrresadd hb aXc ka
al (X00Ir9)more detail s.

Thimet hod i s thus par twhculharclhye nhieclapf uplr etcou r sro

predi atearasnhatl oef fi ciently confirm source appo
much room for erf(Gre dhési takei mpl OcicaynEs r a
Weijs and Ramnmmledsomuw?hti20) of steps (See For ki
Sci eree oduci Bbr é Zzenttayyad 2 0 8 2 5 ; Whocvkeevrg m y2 Ooia7h)e a |
approacheétRalkrgs a2Q2 3t eDoal@2 3ernt. latbfddjyi ews
are sti( Aéionag20i2ndg;, -FSoenpt¥alivneed aand oAmiggd 202 4) s
bl uepri ndep ened ihocgosnotne xdta.t a
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Thi s

entropy approacbd tiand ahleang gbepdu utisiemdes tsoe rfiie

rel at icomghairppsd t o c(rRoosssi entboerage 1 8¢ t .CaBMWZHL h g
t hegded-eot o¥Plyr omR thectksaegree e ¢ Enanapyi ni and G

2028

me mo

l agg
and

a)find multiple significant | ags has a s
ry struttagr e eo(hytaaoo iRO&dOh i s -evrotrrtkg py rpsant |

ed dependence by measuring t@ge dibvergenc

mar gi nd® o®@i st r iThhet isdmati stic-tgptei matseéantek

bet ween these distributions, which equals ze

nonl

al on

Ti me

i near dependence, in practice the refere
g with =@G®& sbvdad trusefsr geSit@ahhmme reisn i and Goracc

series contained small filtered gaps (<

Kal man s mooahk afgrmam trtithiep a © B(aMjoer i t z -Baenide | Bsatretizn

2017
ti me
(voO.
ther
corr
mot h
ampl

)JThi s all owedhéoenbée waompetati on whi ch r e
series inputs. Bi wavelbdtwsa parcalaygsees wer e
20.22) in R that decomposes a time serie
eby resolvi-dgpéndest enel andosshl ps that
el ation o(rGoFuchuireia@ O 1dhal Moed et wavel et wa
er function because it behaves | ike a sh
itude and phase changes. I'ts Gaussian en

form preserveandopgltasma,gnmalidreg it i deal for

d o mi
Sign
surr
inte
i nte
refl

corr
phyt
Cohe
sign
pat h
The
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nat ed bypermoodihc ( Guaurapssibadid G 4;t. @A G 4 b)

i ficance wasnasses$da®Rlagbacg&graunddusing
ogates and only regions within the cone
rpreted. Only regions withinthtrhees hcoolnde woef!
rpreted. I nterpretation focused on coher
ecting-lplayt gl amktiami | ity in marine aero
esppomasé¢é obemavi our ( ceofntc uprdr eeat i(iin.ca.eas e)

oplankton lysis while marine aerosol i nc

rence patches exhibiting rapidly rotatin
i ficant region wer &imgd&t 6i. wthe rcfhr esthedv,s as
ol ogi cal unstable phasquirebhbaenorerB)jlihipk ba

same pairwise cormmarriopon telssaq feaihlishitth e ¢



robust

lag structure, confirming that the ap

directional

A) Wavelet Coherence: PMOA vs eBC

< 1.0
© 0.8
% 0.6
s 3
2 0.4
E(.D
S d 0.2
<
S 0.0
B) Cross entropy: PMOA vs eBC
0.0 \\
° 00 \ /—A\\ Significance
= \\ / : (r:c;:::f;uﬁcam)
002 \\/
e /
0.01 \//\ /_/\\/
30 -20 Lag (days) -10 0
Figure 2.6 wWwave(lAgt Crohhegsence between primar:
( PMOA) and el ement al bl ack(BxatLbhggethe BOpyd u
bet ween PMOA and eBC. The Signsfgoahceamtar k
weakly significant | ags; the absence of a
indicates no r dbawstr edrats toanbslha pl.e ad
Principal component anal ysis (PCA) was t hen
covariability among the atmospheric and bi ol
di mensircemallcittiyon techniqgue that traabFfes ms a
into a small er number of orthogonal componen
variance of the dataset. Each principal comp
original vari ables and can beiliintyerphaened ac

system. By projecting the data onto these co

the dataset while reducing redundancy ari sin
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suitability was confirmed édurtht®, &FQaBarpl et
0.001) amMey®rKansendex of O0.66, indicating t
was present to just({Wgaeg.i akhlsSa)hal ity reduct

Il n addition, beyond ihbsefmpbsecandoRe¢thedl 204

2024vantifying intrinsic time series memory
into how the climate system integrates and p!
with the stochastic cli maltmerddénetdemeivadr kv aafi aHha d

Earth system reflects differing degrees of 0
white and red noise and quant infoiiesde bvyart ladi
characterdseedbpnsdhooatobo e@batipgd ifels st ochast.
such as weat(hktas sfdlunca nueaptili€dhdsi) c ai(IChgodlahut 204
os masliclal e ocean sur f acé¢ Rteueots ind2eénit 8 )hced rerr eosgpenred
H near 0.5, or bepénonw Dt &ntdelmeol amigo wm.t blem a @ 0 «
arises from temporally correlated variabild]i
integration of forci nalb)yCl(dMametienad ikt2dh) ssuucrhf aacse
t emper(aBeuvaraeisi @@ @2 0O )mar i ne phyt(oQuclcahrekpticaa@ dB b om
Such persistent dynamics ar e.Arcefolrdd tngd ywi ti m
scaling behaviour is characterised using det
R wi tnhv Dififeec k(algremer and Waétl.oa2 RDR)3; Wal |l ot

Mor eover, c¢changepoints (i.e. blooms regi me s
ti me seriEensv Rpstp aagk @ hee, whi ch compares const a
with and without changepoints within a unif.i
information €KiltdraBO01B8anking

Because the transiti an fcragpnm utmheeyvsapadnwarazrddM v atp
sertiktes,comparability of resultimg domeosetrhe
JenSbannon divesgenteodu&8Y f or ctohmp afrierss tt wtoi
time series by first turnihgnemebhsunitongahewo
those distributions are, with O meaning iden
(Zuneitnoa2022)

Finally, to expand on ntahcehifneer Kiemg npg aatgh swapsr adt
t hr outghhiostmonograph because the heavy number
associ at esdtsew sttha retaicnhg f(rBrme edhaa es2 02129 a i@ 4 )
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t o al gdroi(ttfem nebte.r g2 016 ; eBi ladded) est/ train da
deci s(ivarksay i | and Jose,phhy20e2r2p a rJapnseet pehrns€ 0t 2u2nPi 1r
Probst a20l1eyer( Gyagti.i a®023; Taikkep anp i a2 591 ass
met ciong roveesi Bhapgueptvalo2setBa2d®@3; eBi |l ode
al 2@24d) i nt rGeeme tad@ltdipdry oduce too much room fc

2 .SIMPS urApgorti onment

Tradi tRMRRBAaI by, matrices are derived ufsrionny phys
Poi sson counting of 1 ons f¢é¢CuAMSoal amg. Wi tmle n
Wit h SMPSgafimr@a mewor Kk ex i sttrsi vfioarlF isreashaesroambsi.n 0 n
assumption of sampl ed paot daclfle sa nbbeiienngt sppahretriic
exanmpHe changes in charging probability pene:
aggl omerated particles I|Iike soot significant
making charge c¢Cogeetdl aaB@O0O4d®BDi guous

Al ong wi t hmt fanlds,enisserae psraelstent ed as its mul ti pl
accumul ation mode @As meeatr.i,anlg2d0 Dadf)ttbheen dootvvhbeers i o n
aerceoolrcestanet aibolre exampl e pri mary marine o
roundesdheclolr emof pe&.l a0 2Gb ; Kal a20 22 heMa daadwal a
202whi<cthoul d be more readilgygsgumamti dnedahonuter
state.

SMPS error propagéBuonatwaa2 0ddoBc)uvnaernitoeuds aer 0 S ¢
types (marine, modified background, suburban
error propagation mégtSihpees ad04Bpastrir upmeanatcesBd
found as follows for raw count (N10%), diff u
efficiency correction (N10%), DMA efficiency
(Rei schl 1981, aMW¥e@pt banpdropagati on might no
sources WiStihp«feinds2.0 2 8 Yy

For exDaMPMp ber ces(iode.fefruiresn | os saeesr,d $nouM tri gtl ee,
Sheand efxlcoews,srahper el ectgeadadd mMiMaaenbioelh agred

temperature and pressure) can (vaaryatnagal 01 7f r o
Wl a®itt 120,20er)r or s i n alxutadnali fdalksls @ad iatced ar e
accouhFedrmandez De La Mowian @ ntdo Hti ggmpearaa t2W0r2ed ) c
saturation VVEpaus aph2ex)addiet i on, i mpuri-ties o
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gas composition can alter the ion population
modi fyi ng meagdquwrted nefrf iamidehReiitenst @ ll a DML L ralolr
parti cl e athi aamhestoervsary by u®unmi Bk @me slieippeanrd i r
esti Matdesnensi onl ess parame toenr stmadtl adkjrwstod |
account for slip flow effects when Vdhlkes si z
et. ,al 2NA2I2)0NMvierde nsto.hd(le2r0 BMPS measur ement uncer

known tdebensieneéi,nwtintiome mtt eagr eement 1+ ypical
200 nm particles3®u% fimrcrekiasmatgernt o dalRdve 200

mobility and counting statistics.
Given the multitude of interdependédmtsearrror
devel oped in the research community by tunin

t he mean number of particles as a direct app

are pr eTsaebnlteebd2 lid@nw 1

Table 2. 7. 1. Heuristic Error matrices esti ma
REF Equation Det ail's Reference
Met hodl1 Cl1=0.01 T Mace H
A 610 0 06w c2=0.1 Sea (Sl
N is the et. a20
particle
concentr a
O0is the ¢
average f
bin
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Met hod3 | 0 0 Q& Wh e|r e 8t p 1 Europe
A <l QB I Ais the Ur ban
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for ith s 2006)
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concentr a
the ith s
jth sizi
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detected
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size bin
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Met hod$8 OA Sdhour |l y 1 Cabauw

nhourlys deviation Se miir b g

n is the |(Nur £dntad(

data poin 9 Reho-vo

an hour Ur b@hkj

et. a20

Met hod 9 . . ., nNis set t f Zur-i ch
Y h#b o LOvo O val ues Ur ban

| ower t had (Manou

and negat et. a2o0

replace W
1/ 2*DL an
corr espran
set to 5/

Met hod 10 A 60z 0 0 020 1 China
(Lian.g
2021)
Al | t heseamnmi@nptreoracconnepsar ed on Mace pHeadmi2®d 8
Chapt.er 3.3
Overall, SMPS instruments are ideally suited

parti cl é&s00i moriihlei t4yYsidi eamedreges typically accol
of submi ¢Laprgma2818)

On a side notdgF-AdMSt hbegmmenbeu HR $wsittrhi biuttsi opnasr |
timé Il i ghhotF)(,p it i s not as suited for PMF. Th
mode is up to 5x |l argalsoFpg memsuhas ombhssheabh
making small sizing errorélLeb. sadn@hd) piairk i lté @
sea salt PNSD c ansbltoweer nveaapscrai essieat!t tbben-AHIES
chambxaet. a2024 a)

Once thei PMBDI| uitsi ochet er mi ned (hu mobelre sc amee rftire
geometric mean diameter and standaiMetdheovdisat i
2.)4 Al ong with this, a similarity matrix 1is
similarities with prevaeWawss esDsusdii@sc. ¢ allhs s d sl
EarthEsli mowbicwds used to quantify differenc:
reference PW&EDse ufsdmatnihter am®&m ptale(é&Sacgheu hmac her
et. a201Bhi s approach has been broadly wused i
di spersakl| stmotleed s omt el aroentpigarli20alrest;. dil 8 6 R 06 )

and is well supported in the I|iterature witHh
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metrics (iWeaptBSprnas DbD&6Oh,shape variations an:
suited for comparing hder onseotlr i i,z ef i disgt reinbpult
bi oequivalence in dr(uHpte rall Dh3aBsa hy erte Itaot ebde PN SAXx
in ambient [BIN&SEDmettiudi £lsows s tPrMdn ¢ NSDp Isii ana b ia

anal yses with reference profil ePsMF ssutpvpdoiretsi.n
computation involves solving an optimal tran
¢ 0D rto QQ T

Subject to:

r nh ( nh r T QQp

Where P and Q are awd JPN&SDettohe oenpamley s$pace
Q respeacits velheg, opti mal &1 andmer ts qulaare dma&Eturcil X
A i between bin centres (representing the ¢

bi nfaynare the PNSD concentrations in bins i

to 2 (to ensure that small shifts in PNSDS
Note that, prior to computation, al | PNSD ¢
across all size bins is unity.

Ref erSeMPsSeé ze di st r i butsiionn dnait mdtlghued efdo li Ino wihreg ;
marine organi(cv aadtneeMaaci2tQeH@)s oc o s P raatdh ewmlpr ay
2013 )nhascen(tCrsewit gaprtalygd) v and | at € Ghestkeals m b
2022bet Ma2Q2dmper ature de(paldieengalNeRBagypt ayne
wave breaki(ghotieal @pdywt ed vs open ocean Ma
(Rineatl. 2 009 ; ebalal @ Osg(aXestalaB@ 024 k;t. M2 h&)st al
(Bureet ta Q2 3agdaefrm(sbdueng a2021b; &al kA0 2dyad
aer gis.oel. . |l ess oxi di se@&eapucaieoy. ea2dXilét s alth r ar
2021)peat burnaegd¢aed. w20 &, 20 25 aet . Wi20s2dkbn)
DMS oxi(dRPaaertkom2 021, Wol lee¢ s e Ocdl @0)uddosn gper ocessed
aer ¥ahnh Pienxta@l@edp n@eaci d new p@Paitk la@ 02 a4a) ma:
and cilnotuediss et da B IGrpmawltti. icadl 0Oe2s2;t . 2B @A 5 b))
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2. ABncill ary measurements

Equi val ent bl ack car bon (eBC) mass-aagheent
absorption photometer (MAAP, Ther mo Fisher S
of 10'dndniam 5 min time resolution (Wietth adpt i
2020)During the first hal f of 2018, t he MAAP
predefined mass c¢ dnGxdagtarsa2t O 10/ms tthher essehcoolndds h a
dual spot aethal ometer ( Model( Br3i,redlasg@ @1 B)Cc i €
with optical corndotssumadd2BiepwcAebbdl omet er
thresholds were then established foll owing

regression by comparing concomitant AE33 and

Carbon monoxide (CO) measurement 3 WwOr eanal ys e
(Trace Analytical, l nc. , CA, USA) , which op
reduction gas( Dehrrecenmaatl® ®d4aphy

Ozong W@s measured at sspecstameorr wiMbdah 8%
Labs San Diego, CA), the raw voltage output
Aut omatic Urban/ Rur al Net vor wetr{ tfaBRNB )cal i br a
Met eor adlad i awelr e conti nuously recorded at t he
wind speed, wind direction, temperature, rel
met eorol ogi cal i nstr uwoernlt@@Meatenadk a ged r (i etveetdi ars i
99999) from t he hNOAA :I/SDvwwe NsAdice ne awi gdvirres
|l ocations were retrieved using MODI(SNASgAua Te
VI1T RS Land Scifernocne tTheea n- I2RPMSL )dat abase

(https://firms. modaps.eosdis.nasa.gov/ , | as

points with confidence above 40.

2 .Phyt oplfanmrkcttoinonal type model s

The colours of the majority of the world"'s o
ranges from 400 to 681 nm and changes depen
pl ant pi gment s x,pretultjdndaNghre x afnuocyd xqakr@tNfbiurt anoy | o »
fucox,antl mixy@ht br opbédgk g n t@nidni nyl O hltdraap hayrlel pa
in théSwaebarah9o 8, aZ02These can bel SseeaeWi Fwsi,t h
MODI S, oLClI , MERI S, VI I RS meacé)y ¢ Bgaebgat ed
2017; ettoaB017,; e&&arakEGshmpendi ng on these pig
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https://www.ncdc.noaa.gov/isd

oceanothpi agleiocihreprietdifgriowt h and mortal ity rates
dynami cs, and temperaMouvet.aaX017;,ehBraalediari)r e
phytoplankton fumcgani drealdedppidew edPET) @ppi ng
exampueoxanst osed as a cthrlaocrebripdfyar| t diaateomd . ,or ¢
zeaxahody aan o b aad tl eorxidao,r hicnr y p(t Maretyy eask 0W@Ri) | e

1 9 Njh e x afnuocyol xoexsyt & i nr acer for both @Kmnaeféagel | &
20240b)

Up to ((feaeacreentpastFl yatny,xla2e0x2t5e)n s igy eotbchd h|l yesol ut
(4kangcur ate PFT cl| as saicfhii gMteigavn adlOd /g é tBwanls hreo
2017et Xa20200r exaEFrnplmod@C had poor dinofl age
(Hi rat ®a201%ynSenPFT model on( ly oextan vaelrOeldd n 210 0 2

NOBM model (Gregg and Rousseaux, 2017) had
2/ 3A latitude). For theseché¢tastipahylrecadleyner
usadhstodadPFds paspnhyfoplsaamkKtacre bi ol ogi cal ac

ecosysateemsnoler connectGeevicra2 V0 éi e @6a200Mddt Zhu
al 2Wah5%)xh sparked a | on¢ Rihnestlt.dar2y0 1&fy ecno rnt throauw
chlor-dpdyubkt edowWwitstghr oan gllayg)cor r el at gsOowiotwid s e
et. a2016t. €019%9et . LakZHle) cosomedadmmasar s degr a
(Quienhna2014et.We2n0gl 5 b ;etCra@wvis@grci ally over senc
or oligot(€&€whelti nas?adlleGr)s occurs because-Utot al
estimates confl aldvei tihnoblgyosto dabt er cspulcyhl las pha
chl orogiPylolcihdhs ka armd Rred di ms2dl2vi@rme assuerdi apes t
organic matter 1 &demhsad®0ientmitditiBaenkazd2y)
Al ong with ©physiion oge £@dnsdee ctoa p bk nmgtrhoinsmelnit lkae
explains most-Uchrbbe chcé§sSopgegblapdiBRgruasle 2C
of these pigmenhsgbopsrtermanors!| i-lpaus edd chF O m
esti mat es ar e now treated wi t h i ncreasing
degradation product § Roreetl.tecaX@bih7o;mt Kradah@d a ;bulu
et. a2 02®e)se HPLC based dotri patobalare mohen senes
sucht hgkso b all Ocean CoedloourCo( GGe-@h @ nBcicas | L3 (¢
phytopl apaonetslaadad 2, aXE@ O0ppeaBGoperovncus Mar
Service 2022)
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| b hi s, tvakeA&A Ocean Biogeochdmireglg @MNMABMoOunmGcEta
and AWMeiven gl obrapglkytadadlIlyangkatpon f uPET) omadelty
(Zhanhg al2Oweddgy €ed retrieve diatoms, dinofl agel|
haptophytes (coccolithophor Bso camdeaumh aethbhesyt

prokaryotes

The NOBMi modeldyna@aimmen giha reeel pl ankton ecosys
coupled circulation, bi ogeochemical, and rad
assimilates data from mul t ivpleavi ngt adifidied W i £d n
Sensor (SeaWi FS) , the Moderate Resolution |In
the Visible Infrared |1 maging Radi ometer Sui
mporal coverage of ocean biogeocihtemiexpg! iva

presentation of Si X phytoplankton functi c

_;
> OO o

| orophytes, dinofl agell ates, cyanobacteri e
ifferently to environmentmaltchemgesaadd!| cgim
main spans from 84AS to 72AN with a spati

- O o O

cusi ng weoncleyanonarcecmesn where the bottom depth
significant advanttagds @fr oNORM ico mptletaebicloiv e
addressing the inherent | imitations of satel
zenith angl es. The model al so includes four
di atom,growtnh) detritus and i(nReoourspeoeraaatedsl 3z o 0
Gregg and Rousseaux 2017.; Arteaga and Rousse

The ARFKIDode .l uses deep |l earning techniqgues t
observations of ocean colour to create a <col
years-2029%8to retrieve diatoms, dinphyagell a
prokaryotes, Poaroywpuotlcoopeheylish e model wor HPLICY i nt

dat amwelttsi,pl e satellite data sources, includirt
SeaWi FS, MODI S, and VII RS, with environment a
and photosynthetically active radianeuwrnal Th

net wor ksr @loatliecanrsnrhi ps between these variabl
enabling accurate predictions even for regio
unavailable due to cloud conwvseruyusihnghcodsxitnd u
penalized (2h®atg apOBdescomparison, -8OA&A0MSL
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NEOF gl obfaill 192 kaw thlagpuspended particul ate m
om the COASTWATUCH npdo rWaanlg 202 2)

compl ement phytoplankton analyses, vertic
wn to 1.5 T the | ocal20eupnmotmicc rdoenpetkht,o nt ybpi
xpressedims sga&. want er ) were also extracte
vironment GLOBAL_MULTI YEARuUuBGRe&EDOD PG HBAd Tturso
rine Se.ra vikies 2@Wr2dduct provides 1/ 12A (~8 ki
nerated with MThLe nHAR QD YW arhd dnriradplha tce $ i loanw
i ng adivfefetaaoonhi on dynamics forced by ocea
t edleliivted net pri (mhek cedpa yoad2uOclt5i;v eAlybael Mh4)

oplankton in SEAPODYMharce dpaddieve Iwaweér no
i pel agic mi cronekto®20arcen) aoriga@issaevih mimbit ® O

nctional groups with diel mi gration and ex

t his work, these products were ampdsed a
tegratgdeegxameedod® o2 hdi vi dual phytopl ank
ong observed air Mraos s eesx Rtmpd reg p 2o tibk. afita t rhawa y
| or-aplayldl suspended paexposudma es emmaitd e r s h dSwW
rrelations with PMOA (R = 0.43 and R = 0.
ltering (R = 0.59 and R = 0.60).
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Figure 2.9.1. Tidme i verdi o< eafn <atl elulri tvear i abl e
during t-Bemmemriaobi max period. Pandg-k3h, shBWw
Ha mpfeill t eeaed( €Ehl suspended particul aft elethat t er
SPM.

Thi s i ndi catescotbat pbubki eoexcearquire cl eani
bi ogeochemical artefacts such as photoaccl ir
and interferkinege nfi chimipanmdaa < | P+ T exposur e p
interpretabili Chapsede®tostrated in

2.01 Tracking air masses with HYSPLIT

The Hybr-Par tSii mlgé ebhbaggamagiednTrajectory model ,
HYSPLI T is one of t hfeormoasttmowsipdheel ryi cu sterda jneocdteol |
cal cul Stetonas2 Oalnsda )has been extbewsdwel gcroghst eedx t as
rangi ndgu sftr oane r otswil | dfriarc&k isnnmgokeeds s peransport
vol canic ash tracking, radioacti ve amatwerlilal
as natur al bi oge(nRock pehmai20sli4dgn Hutrrsd c kainmdg Davi s
et. a2AR22)hough other di spFeEXIPART No 8&#IYBRAI Fo e
retained because of iptesr fsoertonwam rseism phitolbedritsy and
(Hegatr.t 201 3)

HYSPLIsRutp wi t h medtaehoarcoelsosgeidc aflr om t he Gl obal L
System (GDAS) archived by MNDAAr AmangkResour ces
traj exfgeemieeeweheaywi t h arri val height set to 10
(coherent plume Stdagsumre i®nhostapkbteonrédes
mi X iFroge;t. ,al 2 0 1e0t;. ,&S1t200M014 )

To avoid bilacHh @msgogua tceerst iwalt h | oc al pol |l uti on
kil ometres), pwelnleaudad otho wa medc kk ofsers | oc al pl um
l ocal i,nftlypérccadd y cal m con(ci2thmornsmanri itlhy |roem Iv
| ocal sources, whéde@dmmhsdghhart ewipod | spéochstr a
mor e di st(avotn DeurR alers nipdlnl @2r0 14t. &BQl 6 ;

Evagel epoal@P@R)uti onwavipé 0 U eksegrsn e | density
nonparametric wind regression ow( Hgetwpyailts r
2009 ;etRea2i@l1 Mmi backy trajecwasl € wseadtteoiingve
|l ong range palntddadefc oan g e aiRs jEzeotai2 B8y r t her use
tbone in on |l ocal pollution episodes by moni
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concentrations (SihHcrad osneg rwatteh >wi 5@ déemteican or

overahdntdl ack carbon threshol ds

To investigate potential source regions | ead
resolved source, the back trajectories are g
concentrations using trajefltitloeg ycoecmmormres cwmda &
contribution functions assume that trajector
Quantitative Transport Bi aisn Atnhail s Paasr g S{QEToB A)
rather considers plumes transport bias along
(Sof cetota@ 014, 20.1820 1Z%h)ou

5 R p A 6P W o w ®o Qr
LYY Sy C Ko K o o
With |Q(xx,t té) representing the probability

from position x0 at time tO6 to position x at
y6 being the tdajpectsteyet icsetgatnrdealridnedevi ati on
ensemble in each horizontdlpeindeati gmnowpdr @i
The horizont al di s,pérsioon o0, swipda me ctrhieb edi sapse r
vel ocity, $etThteo plo.t5 nkm ah mass transnlers fie
trajectory | terminating at ti me ttrhay eichtoe

dur ad.i on

_ 0 aimold
Yoo QQo
The concweiitghattedonfi el d i s then computed as:
Y oo Yogo ‘W QQf T

Wi tolbei ng the receptor concentration of traje

trajectories. SQTBA is then finally calcul at
) N G
YO Yoy — 2 oguy
B "Yoamw
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Il n addition, the boundary | ayer |hgeeingehrtat(i BolnH)
ECMWF (European Centre for Medi umRange Weath
(ERAS5) dataset based onhGuede ad 0bPyk anRaipcph anrgd st ohne
HYSPLI T trajectory footprint along the gridd
of time spent over the ocean, within the mar
marine free tropospher ehe MFTagnetlari yt ubdoeu nr-d aBrLyH
over | and (altitudenag uBlade. aaTihhe Rspachkage®bt a
resolution | and mask for I reland, all owing f
advection over | and for at | east 3 d prior t

l and from ocean.

2.11 Rel ating Air Masses to Phytopl ank

NASA Ocean Biogeochemical Model (RMOBME atuxx on
al, Z2®Ir3)coccolithophores, di atacfmisysé&d| or ophy
Chapteo @i dualise phytoplankton geographic
cal cul ations wibDhoe4A addilmbi)l arl y to

For the | ags appriosancihtmaglpleyd NO8 Mt me dat i t hmet i
concentrations .Alohgu@gll ANORMaaljieginisamy r ont al s
(<100kmwlgiemrer alt phdbmpbbaobhmseasbnal variance
Il at i(tKedemrdgt. ha2 0220 b me sld0sOckart)e wM(olul d 1 deal ly have
insight-si ma ageostrophic ymEwelclkisrogq iamdadu cTda mip
2018; eZha @ 19t;. d2iQ 5é)mi |l arly 1A coarse resol
resolution can | ead to surface mass concentr
up to 50% asr esshodwnt i(ddi dsitigde2 @57 ; e Coa2GdEk)

Fotrhexsassdire 4KmegaPHTGDMbdbeng a2 0i2sdudb)sequent |y
used&hapteroBg2with air amasboexpastyo ¢ra§yiRiEN eh e i
mappi agr od cpeh yytcemlnankt on funeByYBEPbBAT groumas §
l nstead of simply cal thel at rngnapisecbagapvedage
from the |iteratur@ermnasemvellviitimbe bBobmdar pnl
with diffusion and |(ofsrsrealedhX( i @diyg. B0 X 8&;8 nShpoour
al 2@a22)
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s va— #17
00 z [OF )

Wheyar e phytsouprlfaancket ocnd m ® enn tNrGRBiIMI soenesa ax0 1 3 ;

Arteaga and RoUAPEDPZ 22022 DPf2drd)a gi vent hr aj e
coordi hametshe numbdrpt ywfh yu aeotpd carnckitmant es per tr
(trajectoriediMkEpwidtghd a8t artehe béZketar ds e
al 202d4t. ¥W®W2v4a)l ues are set to zero when the
pressure f al | sbobuenldoaw y8 S@aywPaal haensdg be |l ow 50 m
adjusted to a( Yemn. a2 Mhfe SGafnueep rochwe-mi g e d

mari ne boymDbarsy nl aywedr Smal IThGrsi s:swolmdh|l 2 G2X) on
baseline mixing volume as when BLH exceeds 6
proportionally diluted, whereas shall ower BL
vol uwwmneal ues are calcul ated as average within
(Leu. a20r22)determine air mass(elhedu iag@ D Bet; t heur
al 202et. ¥B®M24)y oeebhsr or | and were quantifiecf

(B and marine vgpetaexntfiwlnl avag;i o (R

B Q- )
Y QnQ x
B Q-
B Q .
Y QQ Y
B Q-

These are viiedelto tftolnemove those wi(tYmnRI <O0.

et. a2028f)ricter cutoffs reduced trajectory ci

gualitative results hence these permissive t
HerNet,oteaffer s to the total number of trajector
|l ocated over | andNocel®@mecttetisveheg. nSimhbielramlfy.,en

ocean ,NbwHdawer esponds to the subset of ocean

boundary | ayer (HYSPLIT mixing | ayer height)

Al t havghhmehas bneeam used i1 n Veelslt i pirHaiteisalls st u
2022 etlLial022t;, a2pzxx)an biological sumdramal act i
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Figurle2.2.3ensitivity of haptophytes exposure
Ti me seriesragieaygodasnctkta dbnis (red), 36 h (mag:¢
and 72 h (blue). BPRPedempobal Reenrekabbsone(ti
comput ed avitt &Udermde At2hree f er ence case.

Varying-ttrlag ecdok y dur atFii g rife)g @meb2elmdhds t o 72 h
consistency inwithke ernpesuPeassgnabdbs correl at
Shorter t r3a§ ehc)t oprriocedsu c(e2d4 s moot her and -broadel
72 h) yield more spikas as further blooms ar
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To assess the degree of agreement between th

ga @ |dl |l evel similarity index is computed o
domain. PFT concentrati omefrioeslodgrdsaduauctdigrg tbiil
resamptlerorgd i 8) . For each -Cuwrltliox aiddeadi ilceealdl t,a/st: h

o SYO "Yéao 0 'OMws o1

o6 P TN b o 0@
such that S=1 indicates perfect agreement an
significance,i g nneulalt edd slsya nipohuntoh gomiiPryEoTim e/ ad ruteisr e
spati al domai n, so that the poesealhieddbstrihl
corresponSdEinBcAkeissi t vy e d. F asre peeaacthe dc enl=[2,0 OtOh itsi m
permut ed ¥ wl afdeil peiss magpeinned as the fract
values greater than or equal to the observed

o NY a8 Y, e
N Gt ) LEEL L.

The analysis thus provides a statistically g
aerosol source regions to distinct phytopl ar

for dwimhe nbi omass structiurye g(eio.ger.a pshiigcn ihfoitcsapno

fronts)

Collectively, t hese met hods provi de a stat
interrogating how marine aerosol sources re
history, and atmospheric processyi ngpplChiampg etr
framework to the Mace Head observational r
composition and source apportionmemeésalovebdi o

properties.

3.Resul ts

3.1 A€hembcLal ComprocsedndnSource Regi on
at Mace Head

3. FEocused eShhorSit udy over Summer
Usi ngr eéasaglhuti on aerosmét mads Sepatnidompmdi2yve

factormegtatods featti dhacz2. Head during a biolo
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peri od, this resultesftoackeipodmamir e iwdsApser cai fef wec tr
phytoplankton species rmethedsedilEcbobmonhh2. 810OB
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analysis is first contextualised by pres
sobcaueg isnntgudy peri @ad liant eAwgumenter20Inte per i
all ow mixed | ayerocmainntsairmead fhy agstiroong | u
| abi | tetqy,i lanbd iau m ebaarl ance bet ween phytopl
renhfa2@s9well as predominant pristine ma
od was al so marod eld biwytbhh ¢ hensetbpol arhegyr
h Atlantic waters south of Greentand) re
age possibly owing to the slowing down o
Nl and Rabenesmhe w015 ;etSaard&R9 such these sp
itions could serve as an isptytctapilamkt omn

ractions during cold bl ob phenomena.

mass concentrataemndOAmeet hsaenrei essu | opfh omri gca nai

| p@@),ei t N&d),ammonN#iparfd sea salt MoAMSred b
wel | as eBC from MAWKWPIi ggdaduMMdmentverage <l
mposition was dominated? ©¥1 WA (SdD) s alvsAl
%) 47( 1) 5 ( N®) and FiByd3 (& %) (
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FigBri®)August 20150AasB8O0OMH adyd eBC mass concentr .
ser-iegs) Rel ative contributions to total PM1 C)
PM1 D) shows MSef @nd sea salt

The avémiugek submismass asms'chdo Br the entire me
peri od. T h’%easred hOA hr eSati ve contributions and
common for coastal sites during summerti me i
North & Sout h Qwtaldaneetviac2t@:t € @&n . Hh2 &als awe | | as i1
Arct Wiclelti 2a2017 ;etNial0sldMAowed mass concentrat
0. 0B8N04 30Ogn mhe range of those previously r
(Ovadnetvaak@hd) more diverse | ocat({ Daata.saulc h a
202@2n0d the Atlantic Ocean from 53A N to 53A
NO. 03 *OHuamng a2 OwleSrae) reported.

Theow mass concg&nti&@nd omncr roefs poHhdi n§0 .NQO G2 r at
(Fi gu3 .kl Sindicate a | imited presence of amin

sources such as the North Atlantic oligotro
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phytoplankton, bacteria(Sohmbaha2s013aatmars phie
et. a2022)

Foll owing eBC threshoEdst e §tCrhdgtassh2e0dl gfho rs t ti me
conditions (eBCegl'dhw eMesr eb eolbosve rov.eddl 5dur i ng 60 .
peri od. Clean conditions ¢€rbB)E peeebisl dbet fver n
the ti me, and moderately polluted ego'fpdi ti on
occurred for 9.1% of the time with a'ftsogni fi
192015,

Li kewi se, CO mixing ratios were below 100 pr
pristi(ieeami a2G22W)hds advected thB300fh tfhe ol
78% of the time. Final I3gsiEmecaee dvii mgl tstpee evdh iwtaes
of #(M6Dewda2dld) 77 % osfugtghesstttionmg , sea spray i

Thaverage OM/ OC (organic matwa®. 1t0o. 8dr glameé ¢ c
S3.)1 aligning with the value of 1.9 previous
at DMHOv a d neetv. aa2t0elAddi HRoORA M&w,ri ved OM/ OC valu
hi gh ANiceditctean2@198p fall within the range of
mar i ne aoerrgoasnaihcdOOMO ( mor e o X iakirped ecspeaniivel y
medi an OM/ OC value was 2.11 with minimum and

respectively.

To get a better sense of the aerosol sources
|l ayer (MBL), marine praectaopapephedBeyMéE-anda
showhi gunrle.Q82r all, the measurement period wa
|l ayer influences (91% of the time), with min

extremelyinfowmehaed from the planetary bound

prisarneemconditions.

The foll owing fMOWOANGEDAPMOA mai@d IPavetr e
deter mi ned sacsurtchee aoppeptaclsee@e xpnratio of 1.
solutions (Fedutre TERR L1BtH enrgas oMace Head:

Met hane Sul phoAdarcoshSIBA) Orgepiresenting appr ox
the total QAagnmadssitidicspimdy f r@@)ecncto wartt immg f7

36. 3% of its total mass spectramessygind earnt en

73



ions further substantiated its origin. Mor e
3.38B3..12. 4.

More Oxi diAerdod ®PKDOANi:c Maki ng up about 31. 8%
PMF solutions, this factor exhibited promine
showed significant correl at irQOOAs (W tcEiHadt. Of7er e n
al 20189PA (R EMoOdt7.6ad201&8nd was i nr@@A pafetteerd as

examining el ement al ratios and correlations.

Primary MaAenegsPOMOAni cCompri sing roughly 42.°7:
PMF solutions. This factor -OO¥hScohmteldalm/ z fr
2013ahut with highealri pdhadiftird bbauht i @sns dlrkoyn s ( d«
spray during phytCag/tad dXa 4 Ibkleonoenss (i . e. phenct
mat eBiadlagltural 2010 ;etSganltzdtiPgfrunct i onal derivat

al coh#dyo,s WwBere z=1) as es(Obéadsetedd2i0el lear | i e
Cripp.aa2013)

Pe®Aaccounting for approximately 8.8% of the
saturated hdglipcanbanar @Celeyuyamaocay blomal K £n
(H2y i on series. This -OA cdwirngovwtadsr i &dkeanttiidn e d
(R=0.75) wWiA hr etfhee efhecabtL emb.s a2 & pAedcdtirtai onal |y, i

spectrum was marked by cellul ose pyHsOF ysis f
at m/ z @aandn/ & 73) and by'rtaabhdecd@ibhamEe of
43 which facilitated the distinction of peat
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di carboxylic aci ds i nto fr a@bhepmlteds.swiltOhl 1 jnu |
Speci fiHLOa(lzZl y53 1) ions family accounts for 63
foll owekO, (bzyy =C 1) lons family (m/lz 27.99, m/
13.68%-00CAA, M@dding up to a (6t ghlrAddidtoi)dnualilo
COand2€®ch account ODO0Aonn n2%soft yMhich is typ
car boxy( Damiagttu tdd2i0 2 2 )

Il n c oMy aa sitpyh aGoincs family (m/z 13.00, m/ z 15.
13.7%-®®0OA MOot al mass s peccotnrtaaiinnitnegn siiotnys. fNiatgrnt
a very | ow portion of the signal (0. 8%) , S i
(Ovadnevvan®lIhe weak coptQ'{( Buttibé&h fWwhomh Cha
reported to be pradomi noaxnytgleyh adagde?2 OtldNg noms ugg
considerable prevalence of agi ngH oxti dAatli amt
Ocean. This is also further confirmeQOAyY t he
rather than | é¢b@gt.ox2i0dlild)e s I @medcioegs respective

of 0.78 and 1. 17 -OfOAr trregoprord grdeatwiotttheMO si mi |

MOOOA al so has a str @n(g25c o/red)r iwhuitciho ni sf raosrs ut
mai nly fromdariidesed o§dNgroaddsl; eDup2®BBly ar e

known t o besaloEideetwadde®dr0ch as organic acids

acid,-ermetshori t ol , tartaric acidsatbral idd acnad
di carbonyl s( Cet.ga20292)yoxal)

MOOOA formation through ozonolysis is postul
correlation-Ax=0kaeToscf tM@ enti Fe galb € 1SBatli ¢
B)lLntroduteaoagi ve t rsmBsefhaad ne2tOrid®pyh etre srteveal s

Il i near dynasancds -ODAR weRIniOfhs iangsi gni ficant r ec:
formati @OAoff rd@ i ts amreddresadn ¥ ewit ttHa gaufreer e nt
3. lof3 0.012% afNl uGB.<®Q®B)(p I n other words, the
information fl ow beRiwpwemat3lx e & o voEOIAMB 85 @eaMDe s
mi x of F®Ac)alan(dPeraetgi onal marine -OAfi aeamclee g P
extent) all eveniODaAl If vronaOacwmrtir wvgp uthad nMO 3 X mc
i nformat-O0A tlbaMOi rradi ance do®Oseve.meAd stuhroeudg h

onsite and may not be as directpgrt el 4eate,d ttho

finding aligns wid hbstadstesomsd oo indgatOi on dr i
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the marine envirednner2tO1lPvadwheveaei ueasaturated
doubl e bonds) react with ozoneet,ta2 Ofladr)rm oxi di

Peat-OA — MO-0O0A _—
0; = MO-O0A —
PMOA — MO-00A .

irradiance — MO-OOA [ g
MSA-OA — MO-00A -
0;— MSA-OA g
0.000 0.005 0.010

Effective Transfer Entropy
Figur3 3ignivialcuaent0)( pef fective transfer entropy
ozone and irradiance.

The mass MSAOArN ¢ we aolfs t hat t wo oxygenated <ca
CHyOka n dHy@yvwhere k = 1 and w > 1) dominate 53. ¢
(Figuef 8l |l owedphbpurie Hydr oxkhdr bwohno slei kfer,acQ i on
for 3Bi. @2 . MRAA i s clearly identified owing
fromieamCly (6% over ot her y§focuwrnctersi,butthiiosn i
for -OISAalso rdpaedeada( D9m8)Xi thieone,xcel l ent cor
(R=0.82) bet weenyStfhamsiFlfypuelt #D)3 antd hehesGbstant
attribut-OAn to MSA

Similarly, toSckmsatle¢ag 20dBhret edrbyl ati on coef
dat abas®®A MM oratory rEfgeueestA)S specatarthmmr ( mo

(R=0.55), although this factor spectra stil!l
MSA ions at m/ ,z 474398 (6@H )7, (HSPB®B) ,(CH/. 99
(C8Q), and 5699 {O®3AO: C and H: C ratios we.

respectively, close to valueest.(a@:20:22Q..54, H:

MS AOA sizf ami |y al so f dtonr east am/tzy plibc. &0l2 QGHhat i
factoirshy SiH®h(ew=Cl) family feablCBs2theAndacCetr
(2. 4%) which areerhoosada k(eFtareebd sa2 oIS Fd thdryi but ed
met hyl jasmaemiatle ¢MahdDl yormwdemwmndas i les in
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phase after( S@QHeaoxp2ddaRtlipotnher oxy |l i(pK ontse tssktarle s s
2022; FrAguialkéevh@ xh are known t&Gcaba aeamidtotFe ch kb
phytoplankKkKoneshkaz0223t. @G2023)

ThexSd ragment family wa(s25d®n%) @a(tlebd 284§ , ClEH
(12. 2% @ (CTHS5%3)S,0(CH 2 %)S,Q, CH 6. %S®",( 5C H 53F, CH
(6. 41LPRPQ( . 4 %) M(d2 .GHH) which are common MSA
liteft Mo eto2202QRQYy er aHy'la,n d§€er aG ment i ons f amil
a clear MSA fragmentation psartéaleatni wwe tihn tae ncsh
typical for marine SOAHUa&and ahkl 8a ;e hMaaekdhy f

Final |-QA O&Ar el at &d gnba3a Elr. @t ehy parti cul at e s
which is expected since di methyl sulphide, r
form MSA or sulphur dioxide and then to sulnp
particulMuegpha2@18)t hough MSA is often foun
di met hyl ami ne (@OBoeattk iadé®tl Hetl. CaiRidnled c et Pa@OR2dnhe
the MSA spectrum minor met hyl aM) ,nem/cslsN4,T i b@t
m/ z HN)( Paleltoya?we®p too sparse to assume i n\

Hi glresol uti on mRMGAesypea&zlts umhat two CHO oxyge
( sumyHgLha CdHGwhere x = 1 and w > 1) dominate
foll owedpbmurie Hydr oxelar wbonski keac€Ci on accoun
total mass sp8clird@al sgghaly WwWFtbupeevious find
et (2011)HOJ(hve=1Q family features ions series
related to al kenyl groups, diunsaturates, C
repartition is consistemsowubhepoegaoaussr épo
spr(aGbDewd a200 4 ; @vtadddldagdeti onally, this f:
closely resembles d&Rk=@V®DIB) ma s (6 Qg droatfaadilice

201(E) guld &A)S and its O:C ratio of O0.66 and ar
close to l|literatureg O0a@nembhalIetFla@RLS;pr ¢
Will oegBBit(6Hi gure S4) .

PMOAHGnass spectra family JHs (aind mi 838t €@, by 3i. O

8ktcé) indicating dienes, al kynes, and cyclo
by the presianrce dr iCes (m/ z 27. 02 Hy4flandidl,y 55
(m/z 43.05, 57.07, 83.08 etc. .. y>2) indic
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hydrocarbons is absent( Ov adnathdasi. Eladheomama s

bi ogenic origin of this factor xHs;, anh/szo 1i6n.doi3

5

8 .

08, 72.09) which are(lLtewicalapbdy bgontsnka

correlation with eBC (R=0.17) thereby exclu
PMOA. WHhfean@i |y is al soxxHnasnk/ed DbYy. a1 ky2 3. QL

which have been reported to be domi nraenstulitn s
of phosph(aGev alylcil 12200 42 0M&ador

Prior atmospheric measurements have shown th
and oxygenated functional groups (i e. alcoho
insolubl e organi c( Ead é toii aldsO Oa3nbe t aRg Yrba@ @upi © € s d
of mi crogels derived from phytoplankton ext
organic pool rather than exopolymeraepoacdlce
being quite common and9 0w sosri bplhyy taocpcl caunnkttionng df
(Bigg and Leetk a200&t;. B20uRBhese bacteri al exo
follow the makeup of ordinary bacteri al cel |
nitroagrethnai ning organicdq Samadna Ll éa% Q 4 &Tehbeo hlyadtr tad re
accounted for by summing up pure carbohydr a
glycogen) identi f{8dhmhegti.das2Dild a & tSfc aZm@ain3eant/ <
56. 0B Of C m/ z H6@). 02m/( L HA). 0&nd Cm/ #Hs08F. @A | ¢ C
amounting for aboutael.oB% Iso.f Sihnei Itaortlayl, RMOA r i
bacteri al tracers such as glycogen; m/ z 55,
polysaccharide sHgg)i &@sd m/ gHsOPX5GO0®Rctk(@a82 02 2 a)
tracer ions were also relatively poor (0. 7 %)
acids thus iIimplicateis$ drhadal yP MOMa poerdg almy c alpac
However, bacteri al i nfluence cannot be rul ec
processed by enzymes or acidity dgZeppeafel
et. a202R)potenti al I mportant tracer for this
observed before i n sea spray owinygsezaaokindi lcdr;o o |

Paglebnal023dhh sul daslpe kwe at m/ z 45 (NI ST MS

(0]
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anics ,malsisks®lmg c@w/ & L4 0@ 3201 Hdwever, the f
ensity was negligible, indicating that ba

the atmospheric processing of PMOA.



Al t hough the measur ement period is | argely
residenti al heating i nfluence Piesats tRelllatoebds eCr
Aer o(sPoeDeAtinass spectra is |l argelydomir6aded) by
and AWKEndki gB8r.d which is typical for peat .
correl ates wel |l (R=0.86) WAt Ih np Ga VW Meyls cameé § s L
20 1(F) g &3 .61A) . More specifically, the presence
(Hs)Y and m/#HHN9CubeSoaramnd) t he ratio bHeYY ween
and m/ zH)Y .07 1C74 as well as stHe amat imd zb ettdv
(g0 of 1.03 all allow for the cledriedistin
al 201FQAatwaiskferleygshl y emi tihy dt mes peolildEinigen ewi n
S3.74-J) and concuFirewnrte)ahsmp.atwet h.eBC (R=0.72)

Th¥aKrevelen (VHKé¢atdd alhyr®0nt hen used to furthe
OA, PMOAA RaaddOMO g oivti des valuable informat.i
of OA as demonstr atedr diya Qs c meet\e aat2tOehalr, | e ||
et. aR017et . Dall@2Zhe VK pl ot of the PMF factc
superi mposed with bul k OAFDg®@rdddwe rHa1Q ,v atl huee s
OA s elp.ea Bdf wal sspanni ig 8ove®r 0.8 in the carbon
indiclhatshigher | evels of oxidation involvin
subsequent breakdown of the carbon backbone
which is con®©OAtfeuwmnc twii (@ headMQba200ulpls;. ald@P 1 1) he

O: C rati-OGAf oPMOMDO -&AdaMBEATf al |l wi t1h.ilIn5 trheep orratne
for diverse OOA fact{®Andehra@dOpBr e \.ii akeGOe&E)tIu di
PMF factors have H: C values | ower than 2 wh

carbons capabl e( Ofadreswcdai2tdegd Tthvi s hi © evi denced
transfer ent r(oBpeyh rddlnaat? Obledn)ivg e@ A ,P eRNM O AO,0OAMO

MSAOA amdraDuFeisguf ®. 3wvhi ch i ndi-GClatlead tthlae Pieg
information transfer fl ow, making it the mo:
PMOA and, to a -DAss 8o tOAX ReatC,=0MI A , H: C=1. 34
(O0: C=0.66, H: C=1rba)d!| YK f pbbki tiinontsheb-lairkkea co
compounds -1(.H/,C GO Wage V.. 42 ¥BRyr h have been | arg
with terregtiraenagl a2oari&Zy)ifnrouOlAd t o be high in Ar
we l(ICheoti. a2 Wi ®h authors reporting ~30% of the

as mari-nieké igommmounds keTlkkeosn@oluinghsiompbgi di se &
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f orhmmild ke mol ecul es, characterized by pol ar
groups alongside hydCavhbbhc2zaObpbadl g abaea
OOA functional groups.

MSAOA (O: C=0.66, H:C=1.9) is then alFKkioglwexamin
S3.8l. with-QA/esrdd® Ao, a proxy for Dbiological m
DM Cheetn a2 0w 1tah) val ues ranging from 0.001 (ub
to 0.354 (significant contribution from bi ol
0.102 in |line wi(tHuarg a2 0bida)c3odlsB @ w ohnitsghha t
MSA sul phate ratio were copGbipssatteunrtatwidt hdi QK i
i nconsi sgCemar wohyhwdCates and derivatives (tre
sucrose, galactose, glucose, fructose etcé)
(Wi eti a201Hdwever, asaoppodie@ rtet iAdod ilkei ng hi
nNo associati onsuwnstaht wrKa taerde acsi dooirdsC (e. g mal e
Ccandkk€anoids (levulinic and pinonic acid) wh
from i s olprienmee eadr@dRiepth a2 01 7 ; Kegdgoad20ePhkizy ki s
l'ine with the absen@t (Df 40t%)erati sHEQE( &18E DBy an
at m/ z( R®D.i énids. oan? 0 1elt;. dHu@ h %) monotefpPesmw.saltrac
20Ll5)namelay G/ z 67. 05H)0al5%L. 86d(0C15%) . Thi
by the |l ack of o voar ibaentcwes e(nCanuld@ td'Qne ser i e :
which al so denotaci d hcea ratbhGcrEwmiz g (o2 @EZINbc)h ar e
known to be derived frORusSes®I@ie bh®heanrde anomog el

the absence of isoprene and monoterpenes 1in
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mi xing ratio, al |l -AdMSs edrevteetcitanosn dbonie sToar e s hown
Grey |lines represent the ambi endt.raln2g0el 1of wh/iG ean
dashed |l ine represent thesupweern anmpe sedr bon tdxi Vani
di agr aent . (a8 1 1le;t. Karl®@10I111) . EI e me n-Csad a tcwrnmeptoesd ta locno hoc
CeCzisaturatedCisaitds at@dsudsaciudate@ diacid (mal eic
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glucose,
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MOOOAFi(gBr58) strongest soumtcedh GESQAoBIAE d rayxeldc
gradual crescent shape spreading from Greenl
for Ocean areas toponomy). This culminates f
East Greenl and Current (IDeenlmamrk Sdaa,ai$9uyut hupoea

MOOOA is otherwise ubiquitous and shows cont
and | celand basi nss(&g gvwte lels haag edat hsa rmOdOrAe a 0.r i1 (
further confir-@dOAgf ornmatriodre. i@vevOal |l , we obs
eventually flowing from Greenland to MHD. Th

over Greenl antdr iibutkend wtno agendansestu nt @ mey hti grhs s ur
region influenced(BPgtwkecw@0223empPaz@®@a&) é onhe
l rminger Current al so acts as a hetsupdati ngon
favoaerasol (nluecngeeartal O BARA¢r e the presence of a
trang Hauestera2024di ng to reduced cloud cover
ulti mately have contributed to an increase |

owing to its orography.
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Figuredidnel.averaged maps (OGAWBY, xRegi2dn de=gW, odv7eN, -
domi nant phytoplankton groups &€&t.om2 WNOB;Me Blwaledr d a
2017) and corresponding | ag@A d( rcerdo)s saeendd cROMQ Ae | (abt i
against A) Diatoms B) Coccolithophores, C) Chl or
red shaded areas correspoosst ooematxdi aatutimods $fgrna nfi itcha
autocorrelation function (ACF) 95% criteri a.
MSAOAF({ gB8rsMC) main sources include the I cel an
| cetFmamde Ridge. This is consistent with it
phytoplankton in the Ilcelandic marine envir
Emil i ani@eihnugxk | ¢dgymi nant dCer h grts eayBmdx2v3t)n gnet o
nutrients transport by t heORXNdte.lteh2 @20 )afnitn cci nCqu
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(O6Dewda2015: etMaa2soud&) cati ng concomitant MSA
during summé@Atameo HMPANns along the East Gree
wheredwi mdn coagtHalvi kpawaldl Vkgdessud @1 &) reased
emi sqgiEadndeduaR020Di) kewiORe exM8Ad moder ately oVe
such as -Welsed eNomr tEhur opean Basi n, t he Newfounc
fluxes haveBé&tenalréeppto)rttheed ;Labr ador Sea.

Conversel(Fy,g8RMDAt rongly extends over the Sou
of the Bay of Biscay as well as West Europea
the North Atlantic Ocean with moderate inten
strass) bpy owing to &HKHSewhlk20®e6) subpol ar gyr

Examinati on of HANOBAV.6Enofduerlt deart ar g vOda las dd iP MOIAN
patter fDA. oM@A |l ap with coccolithophores domi
ones. Similarly, diatoms also seem to contr.i
resul ts hypotdmsi fang 8Bhagtredt at at mospheri.
eukaryotes due to theifAlbbestetrad @@ 2¢ rraisclamesotii
with coccolithophores app®A.r sAnmoutchhe rwedaiksetri ntc
PMOA overl appi ngf lwa g &R Hcahd cessgoppthiyst re st lfe West err
basin. This geographic area HHdNatrsym@moeds vad mgn
201w)th recent reports of chl orophytes beir
produc¢tiawnidaveg ha2 02flgrt her research i s warrante
al ong ot her phytopl ankt on in this region
( combi nSyn eoonh gidroocachulcs®,c caursd ni t r o glen cfhioxjesrssmi suwn
| i kaellsyo contri bute to PMOA more sparsely, esp
Ocean as preyBedasla@Orlgported

Her e, calcul atedilgdg@e d uaddace | BN dres n@@ di r e
associated with cocc-dl dahdplacesr evel ( Wiatdlha da al @
however no significant correlations were obs
opposed-OAp MEA assoxoa@doloint tbegweresds and PMOA
meani ngf ul (their autocorrelations are not s
al so associated5wdalgsidyi andmshowagnoffue assoc

(Il agOofdawesl)| ass cyanbbadays)a (|l ag of
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Overall, association between OA enriched se
remains controversial owing to a wide range
previous st-Uadsi ess pursdaxnyg tcchlcal cul aker ctrioes sNarot
Atl antic which were f(oRinndatltdei2 @b8)y2 pOd dewd 8
et. a2degdPppnding on the period and |l ength of m

Late summer (nvaanssubruea@edratogv parti ally compar abl
with a reported oceanic biological act-i vity
20 days. This delay roughly spans over the f
algal (bebeatmna2z2@mhd) i s |Iinked -toanbhéerabéaserght
in surface seawater by the interaction with
bl od@® Dewd a2015)

Her e, by focusing on the | agged correlations
groups ratMlerantdtaonhsbultkudyEs findingsfrionmdi cat
cyanobacteria andll hdlldfd dphgt eespkeagsvefy) ov
transport from the Western European basin wh
a mu c h shor edaysa.g Adfdi-QA onal lryapce8x f poaod
coccolithoph@rdayblod®mssinefil ects sitnfesstead

phytoplankton releasing high quantitiOdas of |
(Mangoum2020)

Finally, the interpretat@MdnorofPM@®AMAtroemse nmrsol a
Th® days | ag with PMOA couiladgghiemgtatatonl iapmas d o
free fatty acids during the blloom phase, (@mdt
-9 days wiA)h WwWMSA significantly @i fdfag/r el natg twa
MS@A could have been causedr dbgi ans adaect heoen
have been reported toahom$ ¢ ommuriMiStAi epsr ordatc i
sout her | (yBdcatg I1ta@ 8 & 6 )

Concl usi on

One ofecthi shkey finding is that summertime p
ozonolysis over the remote ocean which hapj
Greenland blocked air masses and anticycl oni
to leexkipn the dynamics of ozonolysis in this ¢

to -MOA during unsaturated aliphatic chain (C
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we l | aGA MSOA a | esser extent . However, this tr

t hat-O®KO i s al so being {OAr mexd dlada alnl, y afsr sm che

will aim at exactly delineati-@@.open ocean Vv
Anot her essential takeaway is that OA not on
but may also serve as an i n@OAcaehbpymes mareasaes

and PMOA phytoplankton extr acelnhauslsaers niertaajbeocl
analryesvedles sour-ghey taceprioasnokit on -©@Aoceqitomndut i vl
traced to the | celFaanrdoeBaksiidng ea,n dwitthhe al creal paindd

1-2 days) following coccolithophore bl ooms. V
longer |l ag (9 days) indicating fundamentally
PMOA is sourced from more diverse ecoregions
and Newfoundl and Basin), with aiddfiltuemaéds cthi
more southerly | atitudes. Al of this sugges
OA | ead t o speci fic m/ z tracers and funct
coccolithophompahsmttimcacers ,for diatoms) though
to explore the biological processes and ecol
Overall findings emphd®irgne itnvesnegdtfiom ftwr tf

various precursors and pathways contri-buting

cl i manttee r alchtei oenxst.e n't to which thdsag bsiiglnadgiua
generalise across seasons and changing trans
full year of measuremehtusi ahopgywophahkgbare

3. Fuk¥Yeéar Aerosol Analysis

Defining New Aethal ometer pollution threshol
At Mace Head,podrnmhsemecgeatikoeé substindgs el ement al

car bonhee BtCi) | now been quantified from Mul ti
( MAARBRgasur efrab@tds . ¢,ol Greitgaasl2017), while no es:
obtained fr om Taheetsled | o née b @ rtchdraecsehnotIrdast i aorne r e
di stinguish c¢clean marine fr oriloanmahirnotpacigne ni ¢ a
comparability across aerosol composition ana
overlap in time, new tlRrtdahomtd ear eneastua lelmes
coll ocated 2Fi@guolkryg&SBvHADIULIdNhs bot h | nsattr ument s
hi gh concentratiadnd P®@liagrugeer)\&di. slp dlr2siedhect s

het er osdik.dea.sta cc-dieypentdeat i bnc(alesiseeweFdh gwarei an
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S3.3wilt h the MAAP s h-mwdRigg ar ¢ pAdenrclesrimdrlialt i on (
ng m j) than the aethalometer (15.47 ng m |)

Accor di mglty,a ltndenmeetséheod Ides J.)é athd bdbrioved 2usi ng qu
regression, whi cehq ud evthel ranei anee 9 ustesd aarlcatoestso r e s ¢
rel atsbernsseoetnkt er o bha enbadsatli d ognor mal di stribut

Tab3d dMAAP and new corresponding Aethal ometer el ement a

thresholds defined with quantile regression method
MAAP pol lution Aet hal cwme tr es pnoernd
( Griegtasa2017) threshol ds
Pristine <0.01%8 Og m <0.022 Og m
Moder ptoéllwt ed/ 0. G01.505 3Og m 0. 00.1048% Og m
Polluted 0.053 Vg m 0. 00.8264% Og m
Extrepelllyut ed|[0.-13 04 m 0. 206.48263% Og m

The robustness of it$hleesr aesevedd thifFegugedbo
3.Y with narrow confidence i ntceenvtaridgschiamdt lpe
resampl ed .di O\ arhdelulta eotnflsal omet er yli @¢ kils cail b @
concenttrhatni o0MASAP i n the pristine range, neart
poll uted ranges, andf ereamewemat yl pobhi st Bdeg heh
consiwstdéamptorts of aethal ometers overestimatin
concentrations are cl ose (tBac kehta na 2n@sht &)uanean t

MAAP | i kely overestimate Db(lHycvkt® edianr&BnOd 38t hi g

Bootstrap robustness of MAAP-Aethalometer thresholds equivalence
B = 2000 resamples; red = Table 1 quantile regression values

1.59

0.51

Aethalometer eBC threshold (ug m*-3)

== _
= ] =

T T T T
Extremely polluted Moderately polluted Polluted Pristine

0.0+
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Figure 3.1.7 Boot st{Ared h al obmesteme s hrefs hdAAR e
points indicate the quantile3rHgrElesimar reswir
interquartile ranges demonstrate that the thr
the quantile regression values |lying well wit
Bul k Aerosol Measur ement s
With consistent thresholds now established b

2016 annual cycle of equi waldednt ¢ drhlkaicrki ncga r MA

obser wattihomset hal omet er measur ement s.
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Fi gBr&&Yearly overview A) Black carbon time serie:
areas correspond to clean conditions (At Il east 7
wind direction between 190A and 30®A, amrdd MAIAZ®Cc k
thresB6G) dBERAMS ti me series of major submicron ae
SO | , MSA,. and sea salt)

Mont hly wind roses and FHYSR lel&IS $tBfl dljreecvteaarly tca
| ongnge transport exerts a dominant influenc
for most of the year taspespbetred| viPehe smBCa&Kn
al 20Clon)t i aematsasl igmufanowf i ed by the cumud ati ve
overswamo#d pr onounced between JanuacfrNo vaemib eMay,
Mont hly mean eBC concentrations ranged from
ng m | (Hing uJruen)eS 3l.nl . vLi8nt er , the highest conce
(123 N 193 ng m j), coinciding with frequent
together accountedl dmma ttrha)] enat) @rrys utynmede. BaAY werr i
reached its annual maximum in June (143 N 15

that trapped air masses over | rel anddn aMaly UK,
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(95 N 112 ng ] ), when trajectories were

of the year were observed in August (a8 N 31
cl eancoantdi nent al I nflTurkeenc s ummesr mofni MOILS wa
met eorol ogically excéepteiakn anlg, wmaarnkehd bdyr ynes
associated with a strongly posi Figar @®68h1At
and persistent anticyclonic cdndaindi dKs widad
(Hawt horne and Mietheae2®d220018in®dirmegBE€ conce
N 158 ng m |j and 128 N 145 .wigl dfaiielélsurs tnruan ee de
Fi gweBdewvhich shows HYSPLIT air masses back

| ayered with satellite wildfires anomalies
Cloosh Valley and Gl enshane f ortésete cfuirrmre deti a
October (50 N 77 ng m j), when air masses we.l
apart from 13% of UK air masses. By November

neattypl ed

trajectories crossing.Beverr ec entaimg ena trREgHR Bhier d p
AMS dataset, volume <cl osure s performed usi
overall i nter i rMdtgruurmdrbt3s 1lc@nsi stency (
Under-ocopan conditions, MacsedteomardFiogpgeir®e (sl .i
with aerosol | o a deimigs sdiroinvse;nf rporm nhahrei Isye aby
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where the central l' ine indicates -ntSteh npedri caenn tainlde
The data reveal clear seasonal cycles across

matter (-©esgdd,ulmp@O®a@ammo,ni um ( NH $ Uulogmma i det hane
(MSA) all display pronounced summer maxi-ma, with
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July. (B) Average fractional chemical compositio
represents the annual mean composition, while th
seasonal evolution.

Sea salt dominates the clean Feagtuonrn SBehleordol
enhanced wind speeds as¢rmagc ipaoic(e@Vvsdedsnepve aei &tach
al 2010 oot msygs tanmedr ¢ a ncehi atrisoaht sebryi rai sseh airmp n o n
sesmalt sul phate, oM&&neifclse ataammngoend ummar ianed bi og
( Ovadnetv.aa2tQel £a)nsi st ent twiitolgetnh e atl rl ayn dirti ivem

di scuseedi)om 3. 2

Organic Aerosol Source apportionment
Becausemomieh oadaelcyl.dmptares only a | imited s

source regionyearr i RMF lsdyrrcea dmpuporti onment i
t he cadmpleantteemmmgilagd cycl e of natwural and anthr
enabl es assessmentogemuboéhdygepramobade¢randi ver s
ant hhropogeni ¢ ncodmutdi inly u-theylodarsoecdaredsragsaodli doi o mas s

bur mionug ces) .

Free PMF is first performed i Rigpreddg3want a
Q/ Qexp cofmpliksing primary marineduomgamgi coragean
aer ose0A)(,Pevastonmli ng or ganOA) aemmwoirsdeils e(dWooordgani ¢
( MAWOA), ane umeptiehmanndec or gani ©Ader Eaecbdg8ADIred
by comparison with reference mass -G.pEx&)rtaof
l'iterature profetexal 26k, 20iddn dMots.icchiwz022) .
|l ncreasing the number of factors-OfAoi sia {wad
omponkingwr ed S3.conX i rmi Aactbat sophetformebest
nderl yi lgwesoercensaot constraining ®PMOFAl ptriod g
Nt hhropogenPMOAoupceysy ehor svuacl u @Gamtoenfaaca2 G1 3 )a

Q 99 < O

re introduced to regulate thedanedgmpeet ofumfIe
i . e. Ovatd.naiv2a0ll) and t he rveas aulewse dc ofnactodr .h olv
constrained factor +HKpllcowsa pewdlpes ceaimbaeédc en
identity, whereas | argenf Seee hddgb5I| oFw r adPavpOA, v
moder-adleua (FOifgulr.e4)iS8. 4delPected as it best pr e
signature and yields the stronggsbupoexpepbatuli
time series (Clhatptter &i.2cussed i n
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Il n wi Nobee-bhbee mbeRNNIF resolves a markedly dif
(Figures5) $3.wli.th enhanced contributcompl dtrelmy
absent mari ne signafttactesr s Toel uaptoinma( Q/fQoeur
hydr ocar baoenr odf@lani and t hree secondary compon
aer ¢ M@OA) and two | esesr pk®0OAsedTlne game-£xence
OOA sources has been reported i n a onwinmbge rt oo f
a mix of | ocailnfalneYnexmensqa@ O R 2hge&Bh02H¢ rOCOAL O

has tthel € edilgnature of f or mpOgatacm/dz wihksh0 G t a md
at m/ z Dde6t. 0a® 0 1®8hi ch is common in Europe dur
poll utiofBaeratdana2®hdIhi s factor did(RBLt2)xorre
similBahnmpdn@dladnar i gi nated fr egmngaenttirtreesteadryt |
di scarhdei nmgari ne biogenic emi §O00AKA Arbdbzadalysi:
1990; Batb.oak@®0; eWi lakDd@mMdbd )r at hengosuiggest al 0
depl dtPiacgati.saRP0 @®#H)e -OORcor rseMiathe(RG0 ad8l) i s of
secondarayngleong afrs gan tde)®Be ge MOALOI s potenti al

| ocal

To evalvVeatap between marine and (tSdroeweskat i al
2010PaMOAMass spesootmpuumed with the reference b
aer osBoSSIOMosclkos aPk p2D)f(Hilggur e8 S3 . Al.though bot h
mar kedl| fTedt f jS8r. toBAstr aiindi ngotBSIOAad t o any ¢
temperatur e, 0#8I1%y od mawrntadd tfiare S ericassmdss
PMOA correlations with external phytopl ankto
indicating that BSOA contributions are unl ik
wi thhe previous focus short téemsmpstndy aodet e

ma r koenrhsyendit tr ace | evels at best.

Building on the summerti me adsyycdamwi PtMé&r tiismeb e
constrained with these resolved source profi
using PMJAAlesa ranging froMeOhodods113$teax tfhiomd 2tpiSn

series with maximum correlation with extern
constrained usi niguiplafdgrisonnd itnmiet st waop prreofaecrhe nc e s
entropy tsoi nfirleaer R Festeaa2 @1&t. adNn18)mil arly toc
(Elestera201@;t. 28 alh8)-@Aaten. a2017; eGhea2dLHY s
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Fi g8rl0Annual positive matrix factorization (
sources. (A) Ti-mes slewadksOdfcdmcceamtrr ati ons (
traces representing i ndi vi duahlanfda catxoirss . i nTdhie
conceinotnrsat of selected tracers: d tHeGa*'ffloarge | | a
phenomdmbustibddinor CnaphtuhdloeaneHOAG el ement al bl
(eBC), nitrate (NO ), methane sudS@haomi,c aadi d
sul phate (SQor  raelspmgdwintgh Pear sonEs correl at
reference tracwpecifi(cB)maFsasctopectr al pr-rofil es
value indicating constrained reference profi
contr i buetaicohn sf afcaaror. (D) Annual mean contri bu
OA mass, expressed as percentages and absolu

The resolved factor spectra over the -full
resolution reference prhifgudregg . 3. Qualalti tyats over
metrics are appinedand!| comwp n@yclse a8 d@tsicanny b2 .d3
and refer ¢ hette sa2tORelr)ei n
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Figure 3.1.11. Comparison between the eight
higesolution s@feentermce Emahs panel compares o0
(FF ) against a reference mass spectruwm.. Al |
The black dashed |l ine represents the :1 rel
sqguares regression fit. Annotated values i nd
cosine similaritlyaqedsygi mialnadr ietngtermoepéyaclc P &Eint

spectra.

Primary maraenreq ®xQaéameedt ai nedv alsuegofan0.ad, con.
the spring solution. Across the full year,
(R=0.62) wit hsetxhpeo sdu rrea frt |th dageaelu |Caitag t eShi n3c.e2 t hi s
f aciteobornst r ai raelwr, o d dhilsy s@ mehed PrMOAg t he f ocused
summer.Todeudypyr mali sed intensities of fragment
69.03), and C H O (m/z 83.05), associated w
and ethers, -7di%,f earn do y+ 2+42 0%, %,r e s p e cetti. vadl 12y ,1 1r) e |
l ons indicative of dienes, al kynes, and cyc
C H (n/reeca 6l c OB pelds ¥y @rHYy tom/ z 27.02) an
41.04), whereadi @i Hi $8¢ewh/ bgbbeObhe al kwl I on
i ncr eas2edd %y Overal |, approxi mataereepnhbhakctedoby
~24 %, while the remainder were reddaued by
composi tiTohniasl csohrirfetssppondenEegus&f Boryl hag rc osrur pepl ¢
coefficient of 0.98, a cosine similarity of
ne-adenti cal nature of this factddrOvtad neetveai ¢ @&n
al 2011¢c)
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The mass Men dfainlee safl phoni c acitCd) orgae@alks aeha
oxygenated car bon flyaxmnh giiy@&svhelH® Ksemloan@ w >
72% of the total ma s s a Isipe(cmduriae fH yadcrt oixeganr bfoonl |1«
whose fraction accounts for 23% al ong" with

family (15%) compar edAutgou stt,h e2 @61% Ir etploa tmals sd us
al most i1 dentical to the focus short term sur

entropy similarity of 0.90)

Bi omass bur naenrgo(skbB Qanheé cgenerally identified
( Al featr. rad@ 00 7e t . Aa2k0eOn9e;t . Aa10ebr® ) cel | ul ose pyrolys
and other anhydrous siHga)y,s)m/ neHpa®) §as m@eal 16 0¢c
m/ z 87WH®3 (6 a |(eSmetrn @& lekhg¢tr e @ me & edt ila rbs%,
1.1% and 0. 1%wihdé satite clte weeglyucosan photochemic
range t(rHunesnpgo a2 018 a;etP aaglOi2ddhe s i s corrobor a
correl aGHONI wnt hami [whi(dRrFOi. 8Botrr yesiod sl phot oox
(Poudtaiaf.Pidf oc hperni ccedsrsaiCnegr an.ga2 CRI®pt 44 .z9 9
andH@ " at 58 .z0oOnt ri but{ €. Médasndl Y. 2% eread dec tpihwea
ions correlat-@e. 85y oagdyt ¢ Re=h®&r 8wi th rel ated
the total masd deméd tfrn &Id sHgthteatod wt |.reHPOa t0 2

94 ., 60O2at 1,1MHO0 At m/ z ClHe2abt. 08/, z( Yoet.. 062 0 1 8ta; Yu
al 2016;etYaazZdd&®&R@n g hweintohh s phot olHXiag Mmypgr ddu O
,CsHsO"at  m/ ZCsHeOF a © 3 m/ AP a9g8l.6Godnx2,026 ) HmO%X7 . A3, and

C H On/%8a(Pdagkiton2025)

Ot her species ar e aallyssoac cdelafiad e sertd zQ Gl2ikakde2rn g
al 20223yaHeath/,&7C, GHeOz*at m/ z 16HO " @3 aiad Q24 . (
(Yed . a202M3at)hy | tHsGs'aart; mC z( 414m6OB1 deri ng combu
typical of t mixg lelttoeonan a2,0 1196 n z o qetlaOsi@tn €l; & . @ 2

(|l jeaz a20s2udc)ci nic or glutaric ¢HeOp'dt smb&@l dBr i n
(Evens a2 @a%) Hiigkrei nc o mgpl®@uantd sm/ zCa 1 ¥HsC @G m/ z

105(¥8zeda.na2022b)

The hi ghnetsetin&H:0*'at m/ z 43. 02 ( BHsA%) 4l z0 41| owe d
(5.3%3Fat 3In9.z02 (M a22%)m/ zC 27 . 2t (/. 4% 5. TH ( 3.
CsHsO'at m/ z 554H2at( I/ 2%H5 HBat 2mb2n) 42C01 (2. 2¢
CsHsO"at m/ z 57. 0330(alt. In®/%) 3alnTdORGH d4ug§gests a pr
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al kenesagnfdaltktayaleascnigd swi t h resi dual atrypaftalc o0 X
l'ignin anbupfhenglati o dfH:O4 a 8 dsbH&alwseoe nf ur t her
di fferentiates this factor from cooking emis
(Het. a2010)

The -hegtl ution mass ¢&pegatrl8u Br.aMv ead Ingp@diaid @t or

hydrocar fH9n dloinken,at@d 59% of the total 1 ntens
( HyO;wher eanzddlwher ¢ axTounhimnfg tflhoe t3oDakraht e
the preadl pahme | @wdarribcohx yflr agment s i s consi stent

of BBOA throuBagphoadld y®)icsati ng moder ately a
hi ghi pfhragdtci on #yOMN lanxy ¢ emarCedi buti ons poi nt
phot ochemical oxidation ofangri moaty ybiphmaos sb

resul ting i n irnatrhears etdh aorx yeggxetneart idve agei ng

Pe®OtAmaspeaot s deswcrtihbeedpr evi ous focudlesdhoat t
few additional fedNtaphe halagmree ,hia@hldiognh naa t P
hydrocar bon( Pas petalh d2athZls)k nown t o exhibit the
factor amo(@®!l ec.ga2d PAHEe AMS, napht habstene i s
at InZ2&(0ebt. a2019t.GRAMRIBHObhAough this i on contri

t he toQAlsiPgenmnal , its time seriesOfs h(oRvs= a0l .sxk0r
Mor e htaHdn of the i on i nrQA,nswhiyl e st haet trre nbauitnedde
to PMOA wbiah iilnetleonws idteyt ecti on), consistent v

bet ween this bulk i on and PMOAt linRsp=h tOh &ibe)n. eT h
acts as a minor yet spAasi fi twdigaBgme st i ¢ i on

Anot her i on, C H @] (m/ z 119.07) , not pr
predominantl y a0Asd@i9a& e pwirtth ofheeadt) , wi t h i ts
Pe®A (R = 0.72) and eOdAn thraisksu twihn d deé tb&eébtnigo nb el &
from other factors total i ntensities. Over al

no substantive differ eeamtc.eas( 2f0rlo7n) .t hose report

Hydroc-air Ben oaregraofstb@®@ A)siomi nated by pure hydr o
( &Hy) , accounting for approxi mately 81% of t
contributions from oxygenatkHQ i(ozns= wi)t ha nld2 % 9
oxygenated OzpegtlzesTH&€ dHomi nant ¥ a®st aate M/ H
41. OsMat Cm/ z 5LsH+t0AAtamd pQe@® hev r eprtetsiernd i safg tof
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tot al HOA hierstee nfsriatgyment s f orm a charalckyelrs st
(C H)and C H series, i ndicati vefuel al.
combué6Huang .,al 20 1e0t;. ,aEl20elgG ; ,aTi2®e5 )r.at iG Het wee
at m/ 2z o5%a®MHom/ z 05 PO @d®Ii stlentef @it iei paa2 01 3;
Kimt. aR0Qo/l)l ectively, thei dbmgh Fowcoxkxggemdat
hydrocarbon ratios, and negligible aromatic
hydr odarkbeomor gani c aerosol (HOA), repfreslent at
combuéZhang,al 20 0et;. aEHI2DelaG ; aT2825) .

ThRri mary organifcaatscrecd ani a@R®A) POA (éntropy
cosineg=0R=0wh7i7ch aut hors attr i(bMotsesdt oted? OQ2i2l) ar
The cont ol wAHo® .kbf C H , C H , C H , C H
of i nPeaomi hgnt al kenel/acrges $ eiav d&ldinckci Mg a@g ment sat
( 6 %), C H at m/z 55.05 (3.2%), C.B&)d at m
CeHi3at m/ z 109.10 (1%). I n cGnHrasat, n/lzk adn3e. Of
C H at m/z (1.3%), C H at m/ Ar 6madDbCc (0Do0A
are also @resenat winth 77. 0.3 (@bo)CHe+@tH z at
105. 0an@l:«@y at m/ z 68. 02 e(n0z.o5 %n cancfigdh B nilsi n & s P
( Caesth a2021; é€lrta wa2dOr205u)s

The llegwacosanC tH eOcer sat m/z 60.02 (0.1 %) an
73. 02 ,widlhcengpresemte mdfz( 36 BHO®Hat O/ H(AO04. P,

CH+ at 1mA0b%JCH+ at mO(B .%9alrbd t r ac €HdOe v ealts ni/ozr
123a0&Hs@2 at all 21 .sfuagngoe spbluarsntiincgs sources | i ke p
pol yst Modetn ea2 0 0 9ebt;. &B&MNLBb &t. AhA@hE) -hegdbdl uti on m;
spectrum @fl stohisdedfwapdhpatrri & hy dr gHly)ardomi natked T
of the total i ntensity,xHOoMhleowee dz )9, vatnedy g n a t
z>1) accounting for whoOddeuwrfn atlh ep rtoofti 4dH & gi unateer nossi
S3.8. 2and poll utkiogurw? PSIB grddessetsa Igght t i me. pr eva
|l ndeed, t he do mHyfarnacgememft sr eachuc epdr -eGnealr vaa tkieonne
derived ions, together with minimal oxidatiywv
emi ssi on, as | abile hydrocarbon signat-ures W

range transport.

Al t ogether, this fact-fouel samdaddplcagtive ©d mbnu xt
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Two o0Xxygenateerdssoauirgcaeasi al s 0 OPA eadbnedrOtA. D OA _ 1
correl atess(WRel0l. 78i))t mnMGirsehseutitotenrt p metne é | ant hr
| on@gntgreansport whereasno®daBSgReEDeb8)eandi i B

domi nated by Bobhbehamactepscobegsr all have near|
gr oumpisgu(r ) wd.tlh. oxygenated CxHyO (z = 1) a
(COH |, z > 1) A0 tarrBdb %2 8&vlbonl 89by pure hydr o

(&y) accouvh3WbooppphpB8sed to the summeryieme or
anal ysis separates the time series primarily
than by oxidation statef a®.BOt A'k£li0breatsiass €€
of-74f or OOA_1 and OOA_2 respectively suggest
aerosols thr(oNeghoa2 10bé year

However, | ooki n(gi ngatenspeéciesi abioomssbhlowef t hat '
OOA 1 is rather assocdi.#otiedlwedleemet OPKAgly cxa
wi C'at m/ Z R=OwBANHN 36% of the ion intensity &
20%wapportione(dYeeo AOAMABLYOPOA 1, tr e aitdems i nc
10.40(2R=Dpp8h t haacliidc mar ker fr om (rCagint az0akgske)nd x i d
from QOBMO2at m/ z 47.01 (R=0.72), potentially
(Lannuque andi 8&edelt ot g29p&phabdraXoligid:n aci d
also originate from fur@aheitmad@aRA@&PaEiati and zp ho
68.(909. 3%), anaonalh&krerp otf e ptivieario la2 8 1 SOAF ax.0 2e5y)

98



4%

PMOA , 2%
10 39% '/. 18%
0.754 |
0.504
0.254
- ‘ 37%
0 5 10 15 20 25 30 35 40 45 50 55 60 65 85 80 95 100 105 110 115 120 125 130 l"?/
BBOA 9%
1.00 599 ’
0.754
0.50 30%
0.254 I
B n ¥ II I | \
"0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8O 85 90 95 100 105 110 115 120 125 130
peatOA 1% 5"
1.00 | 11%
0.754
o501 83%
0.254
0.0 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 B85 890 95 100 105 110 115 120 125 130 69/
i, HOA " 129 = Air
CH
—- 075 81% " 1% B CHN
- 0.50 H cHot
< M cHOIN
= 0.25 = CHOgt1
z 0.00 CHOgtIN
g ﬂPoﬁA 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8O 85 90 95 100 105 110 115 120 125 130 ]% 7% gls
i 1.00 78% A 13% W cx
2 075 g 1o, W HO
= 0.50 : W nH
£ 0.25 M nNo
= B Other
= 0.00 - S0
7z 0 5 10 15 20 25 30 35 40 45 50 55 B0 65 70 75 80 8 100 105 110 115 120 125 130 o
O0A_1 18% 7%4%
1.0 o 1%
0.754 1% S
0501 30%
0.254 39%\
oottt il
0 5 IO 15 20 25 30 35 40 45 50 55 SD 55 70 75 Bﬂ l5 80 95 100 105 110 115 120 125 130
MSAOA %4%15%
1.0
44%
0.754
0.50+ 4 8%
0.2564 I
0.00 14— I ] | i 8“/
o5 10 15 20 25 3D 15 4D 45 50 55 BD 65 TD 75 EO l5 90 95 IDD 105 110 115 120 125 130
00A_2 239% 6%,
1.0
0.75+ 1% ‘V 28%
0.50+ ''m
-
| - 4
o0 0 5 10 15 20 25 30 35 40 45 S50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 40%
m/z
Figur® Onh. t.he | eft, nor mali sed mass spectra
intensities as fractiormodefd tbhlye maq toa IOOAI g mal
the right, pie charts illustrate the relatiyv

PMF f actor.

Conversely, OOA _ 2'(igd ymxraked! oeyvfa@ie® of car box
Yazdatnnia2@22)m/ z 44.99 (R=0.89avsmoReOr2Lliahl €

Contributions below 1% are not d

organic acids than CO , Whose signal can be
species such as( kisadtegas? Q2@ )hpeerr oixChe@e @itn cnt/uzd e d
99. 05, a possibly tracer f or ( Ccol gogubdn aplrQolc2e)s s i
CiHsO*at m/ z 85.03 (R=0.85) hinting at aliphat
(Liehga2@2@MO0"(Li anhga2@23m/ z 43.02 (R=0.86 V¢

another gl yoxal related i on
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Together with the summertime maxi mum ozone
(Figure)®Bl 1p86thd i ssquheaosues phot ochemical proces
il oud oxidation of gl yoxarolyeiestlidagrmty @mx@adnicc
as suggested Ri adatl Ma2cOel [1Hhe afed dyiutried By t1th dBd suppor
a g u ephuass e processing origin for OOA_ 2, as

systematically coincide with high aerosol I

humi dMettyh od s s),excwii mmgn t2o0-Rérpen deraty t gak e parti
whereby vol atoillag i aed spemi es are increasingl

(aqueous/ particle) phase 4 Koamiutl.@aa2t0 2rle)l ati ve

—l: I I I I :F
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OO0A_2 (ug m'3)

o)
o
|

ae

Liquid water content (ug m'3)
N
o
|

60 70 80 90
RH (%)

Figure 3.1.13. Aerosol l i quid water content
coloured as a function of OOAtRe massi Tteniewn

December period.

While PMF is wvaluable on its own assouirtcesenp
tempor al evolutionteonahbhi naraoadbobti onheniodmi
emi ssion and t rTaon sapdodr rte snsetcehhannal | ® mvsaReN GAeral hi dt y

OA(usedcoausntaer ferampht &dr opogeanal yandddet e eimalge)d

fluctuat i(metshadhsa | y)s antsiFBmMLAT .e6 . 2
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FigwBrH.. Detrended fluctuation analysis (DFA
aerosol (A) ared eod.t Tohgamliacat s show the scal
the fluctuation function F(s) and timeawi ndow
square fluctuation of the integratved| apoi dg
wi ndows of ltemegth|l asack whiinef i nhdl cataes-l pgal be:
space The sl ope of this |Iine gives the Hur :
Ped#tA) , which quantifies the time series mem
strongly penciisa@®@ntbdmMawidour where@aerhdicltend
behavi@©urand (D) i-brdsetraueéotbgrésssve [ AR(1
PMOA andupedtng OA ti me ddari essh,adreas maectaisv edl ey
confidence envel opes from bootstrap resampl.

Tempor al scaling RM@QAYbRiIi birevealsend hg#y si st
ti mescal eRe-®®Whleurcetausat e s rapi dly and stochas
analyisddsdBur st e X plo.nZenrt PWOAL h= t oget her with
decaying autocorrelation fuldctiOmdDBALdETr we lt d
ti mebchA&e2cdayissiamendodvspt bcsetsrson(g .peer si stent e
forgQilmgswer si stence indicates tahastus@MODAcearnn a
conedobkblely by | ocal met eor DOGxSE )(de.. gl.n s tearda
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PMOA concentrations display autoregressive b
depends st rdoanyg Icyo nodni tpir@mo®r gs cah as<ti vity and
Il n addition H>>dt attis@enamuyggteisme as@mines ( mean,
changing over time), which i-Bukbefi ¢(AaBPH) wi ée#8
to reject the nulll hypot héedii $SIcihpe0ditd5 )( ,K P8ISI) |
test rejects the nylpl<kOhY®mgt heoind i oafmi itga ttihan a
nost ati omta.r, gl A0&8He i mplication being that ap
phytoplankton may arisestapubphnhaunsty fabmemsha
coup(Chgng a2021)

I n coRée®Ashows only weak 5Fer scihsatreanccteer (it £ c (
uncorr el atcd d seemitsos iHOo md -Mo i5s & ylprirmwareisdmis , wh hi &
supported by t hpe a®AC P selsoti tisnawhovicloyht @il &fli bn(
0. 214n) .ad@e-®iNtoinme aslesroi eesxhmdlilt secondary autoco
arobrmdxceeding the 95,1 Y%okeednyd ii dteenrcte Wiotum dwe a k

combusti bongkeumaesgre dyrmonptpioc-3t dmgsral es (~2

Di scussion and concl usi on

While the focused short term summerti me st
organics, the full year -OCMFt csdheotwredar tdamdu PtMOE
the organics over the entire year,nahide@l iompeé
in biogenic activity during winter, when mar
annual organic aerosol mass was attributed t

and -ChRlatwhil e seconddoy &@80%r cGBGA alma UOW@AMA 2, MS
OAANt hropoge misaaunt iboen | ar get @ heaxtcterpitbiuotneadl s um
2018 with record dryness favouring extensiyv
(DirneetyealwWhi)xh in turn enhancedanthlker apagd eomi:
aerosols. AtlmegNoitth Athlissntic Oscillation (N
with furteaest émavpuaerd masses and( Comage.iradnge
2020; eHuad@ g 210n addition, a methodol ogi cal no
to the focus short term summer study |l ies 1in
PMF analysi s, which enables rapid i dednttaitfei c
objective source discri Benat)bainn3dv.elshtei gsautbesse giul
seasonal evol uti ecmA oafndPMhAe iaandc oMIPA i ng t o pt

102



types. A key point her e-me mot hsattant®@mbOAatrbya hparvoecs

retains the trace of a sl ow environment al fo

Il ts high Hurst exponent (H > 1) and sl ow ex
mari ne organic aeraoustoodc or e € dparhescoerd e fng o noacl e a n i
at mospherilci kdeninykigtriadns<,g ef f ect s efnrroincadpme notr b
accumul ated exposurree-aammehdceirathehlayno h mepbmlgdi ng
practical ter ms, this means that PMOA conce
t hrough sl-mevar imegmopryoces s el olgiikceally alnidn kreaelt et
integration over sever al days which points t
including | agged feedback further discussed

32Bi ol ogi cal CoAnetrrobsipD il d ff EMgethdpe ankt on
Speci es

Mar aee ps off oundlcgl iimgtlemedecledi ahgvecltowdmsfer a
properties, yet the Dbiological under pinnings
(introducti)on Isnecptairotni cluldar, the extent to wh
types (PFTs) shape thePMOAmdsseaomdamid sari a

MSAas not been systematicalkwmjmene i Bii @ldogiTd
at mospheric | i nkargesolbwt iiont emh yatt a grhgatrttkagdsn b i

secti)ent B-ofthaet € aerosol i meas es dreptal oydsse ssect i ¢

2)8his is done using HYSPLI T expamseurheo dtso sur
secti)Jdm 2.elclonstruct biologically weighted e»
trajectories, enablisnd udiaree otsodompmami £@m wieta

assessment of | agged and potentiall yncausal

Specifically, th) st tdhapeaaesonalveasnd grad ggisorn(al
North Atl antic depehdingmeschiesegndonksags¢i g9
bet ween phytoplankton bidmaheg apdtaalosofres

bet ween air masses aerosol sourcByreguphsngn
ecol ogical succession with awanslkepkerioc ée€sthab
p o s sfirbal neetwo rikn vieisa li oggait cea | cacenrtarsool lo sosf nmmaalrtiinpel e

funclt i @gmaubprsi.malrhye goal isadvhhnseapperoaaoabderstar
mar apebegylemd or-Opdimp dr(ifsang easons dle.sdodi bed i
2)9 dmnud uberhigh resolution gl oballi mpkiyng prhamikn
ecosystems to aerosol feedback.
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To a dtdhraeisns, daily biomass fields for major p
t he Nor tahoedAt Alamédcf-P&m mbAedbd &2 Q2 4d) ch resol
eight ecologically distiThmesde gh ol paurtvgtu thes ses edsk
against known estab(i séhecdtskaabWelgiheal Noe da Hoa

summer succession i n phytaonpdl arnekgioonn acl o nprautnti et r
model qualitative ddmgwuirst lEmwx. ltwh ¢ hNd n tt fe r Att lua
averages time series of seasonal dynamics of

average i s maide ¢celbim eeeriyewgal -6f6rAdim am@d i7®m W
l ongitude, siei.l afdy24)o. Mansour
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Figure 3.2-PET AAphuAl Glhean diatom mass concen
regi o6 20N, 0A2EK. W( B) Rel ative contributions
functional typesa thoi otnoatsasl (c%)l owiotphhiynl It he s am

To further explore spatial v ePrFiTa bdialtiat ya rien sspt
bi oregions foll owing L(oLnognhguhrusri t lgi2a0Me@st d®e 12i) n
respective cont r tab Wwtiioomass sl{a%)h etwal d&rfarl Ic,h It hr ou

year and all Longhurst provinegés,5%)i, atomnrhy ITil
foll owed by ch32rd%)h,ytlespiR@biYWdle a nd4 cT7T¥%pt oph
8. 7 %) . Dinofl agel |l at eexrroesmaibmsi enlsat(i~\bed)y, ooor
~5% relative abundance reported i n gMawigous

et. ak0&dd) in the subt r(olpuhcaanhe.l @ O BIbNAtd amttri &
Prochl onfd&d®6@) s and ot heb. pP¥okdr gpt agoratOhcéd e

concentrations gradient, wi t h hi gher contr
observations of increasing cyanob®Bol adtosl d ¢
al, 2wh2elr)eas pel agophyBed %yemannanmdnodorofg0D. @a

decline in the boreal polar region (&rv%ch w
et. a2020; Pi eertelal2® 2K3gr | usi ch
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A) Longhurst Provinces

Coastal = NE Atlantic Shelves Province (NECS)

Coastal - NW Atlantic Shelves Province (NWCS)

Polar - Atlantic Arctic Province (ARCT)

Folar - Atlantic Subarctic Province (SARC)

Polar - Boreal Polar Province (BPLR)
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= Chloroplytes (18.0%)
= Diatoms (49.4%)
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Total mass (%)

= Pelagophytes (1.0%)

= Dinoflagellates (5.2%)
= Prochlorococcus (2.0%)
= Prokaryotes (1.8%)

= Cryptophytes (8.7%)

= Haptophytes (6.7%%)
= Chlorophytes (20.7%)
= Diatoms (53.9%)
Total:0.83 mg ni?

= Pelagophytes (2.4%)

= Dinoflagellates (4.6%)
= Prochlorococcus (0.9%)
= Prokaryotes (0.8%)

= Cryptophytes (5.2%)

= Haptophytes (18.7%)

= Chlorophytes (18.0%)
= Diatoms (49.4%)

Total: 0.90 mg o’

= Pelagophytes (0.9%)

= Dinoflagellates (4.2%)
= Prochlorococcus (1.3%)
= Prokaryotes (0.6%)

= Cryptophytes (7.2%)

= Haptophytes (4.7%)

== Chlorophytes (15.7%)
== Diatoms (65.5%)

Total: 0.97 mg mi*

= Pelagophytes (2.0%)

= Dinoflagellates (5.4%)
= Prochlorococcus (0.8%)
= Prokaryotes (1.0%)

= Cryptophytes (5.6%)

= Haptophytes (17.4%)

= Chlorophytes (22.8%)
= Diatoms (45.0%)

Total: 0.77 mg i

= Pelagophytes (3.2%) = Pelagophytes (2.8%)

= = Dinoflagellates (4.3%) 3 = Dinoflagellates (4.6%)
= = Prochlorococcus (6.2%) < = Prochlorococcus (7.6%)
2 = Prokaryotes (5.4%) 2 = Prokaryotes (6.7%)

E = Cryptophytes (7.0%) 8 = Cryptophytes (6.3%)

£ = [Haptophytes (22.2%) E& = Haptophytes (18.4%)

= = Chlorophytes (32.3%) F = Chlorophytes (30.8%)

= Diatoms (19.4%)

= Diatoms (22.9%)
Total: 0.36 mg it

Total:0.3] mg m~

r38.. Wei ght e & hayvt eorpd tpenskcttofinonal types .by Lor
Boreal Pol ar, NADR: North Atlantic Dri
, SARC: Atlantic Subarctic, NASW: Nort
ast Atlantic subtropical gyre, NECS: N
shel f.

>
O oo

Table 1. Longhurst Regional wvariabilit

Di n¢
Pel a Prok Crypt Hapt Chl or Di a
agel Prochl
Regi phyt yote hyte hyte hyte oms Total 3 m
t es oc c(u®)
( %) ( %) ( %) (%) (%) (%)
( %)
NADR 3.1 5. ¢C 3.3 2.5 6.9 23. 31. 24. 0. 48

108



Di n¢
Pel a Prok Crypt Hapt Chl or Di a
) agelProchl
Regi phyt yote hyte hyte hyte oms Total ¥ m
t es occ(u®)
( %) (%) ( %) ( %) (%) (%)
(%)

ARCT 2.4 4.¢ 0.9 0.8 5.2 18. 18.149. 0.97
NECS 2.4 4.¢ 0.9 0.8 5.2 18. 18.149. 0.90
NWCs 1.0 5.2 2.0 1.8 8.7 6.7 20. 53, 0.83
SARC 2.05.¢«¢ 0.8 1.0 5.6 17. 22.:i45, 0.77
BPLR 0.9 4.z 1.3 0.6 7.2 4.7 15.'65. 0.97
NASE 3.2 4.2 6.2 5.4 7.0 22. 32.:19. 0.36
GFST 2.8 4.¢ 7.6 6.7 6.3 18. 30.:i22. 0.31
Overall, the relative ordering of tot al su
provinces is consistent with in situ Atl ant

oligotrophic gyres and enhanc(eBlr ati coosals2s2 )i n s

As APGED data seems to capture real world phy
ecol ogi cal successi d&dn gacpagI3swhxeffaea arhkestei a
contrasts translate into distinct mari ne ae
received air masses from several of these re

MSA measurementFs gwagadBhbtta Mmedophtrasting case
Northeast Atlantic shelvesm ¢(NEQSYtoOMawhgsaBy
and the North Atl antsuemmMern fearmlry vdAagriaestdiesn n(@
exposure to ocean surface phywagphahkf oedcaosc
met hodol ogymedekoecds b2adlin
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re S8a2odal evolution of phytoplankton ¢
osition WA) MMoeimbBibBgdaixposure to dominan:
tional types (PFISHT ddeartiavseedt .f r(oBnm) tChoer rAel sGt
concentrations of primary marine organi
organi cOM)e,r oot h (MBEAwW pronounced mass ¢
ng bl oom.

u
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[
strained source apportionment was perform
e Hea@dOwv & ddette 3a2t0el 1d; eChad&dSu s ow factors
utbohac{d8rs), the retrieavatduPbMOAhDWReuUusneeR
aVFRioguur ¢ 3wi2.h5 | arge spiakesabahdtgr-witihciedl
2). On t he dtalcearno diseérady,b dtrhsg i wenv @es t he mos
sically consistent representatio,n, mi ni mi
urd 83ddSWh2]2 maxi mising overall correl s
i es. Fur t-haectmomr esolamt ieomhwas not retained
rel ations, as recent work indicates that
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