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Figure S1. Mace Head clean sector (190-300°) overlaid with ERA5 10m wind direction quivers 

for a typical summertime clean period. 15 
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Figure S2. PFTs air-mass exposure was calculated by integrating surface concentrations along 

back trajectories using circular sampling radii of 20, 40, 60, and 80 km around each HYSPLIT 

trajectory point to check for spatial sampling scale sensitivity. 20 

Figure S3. Sensitivity of haptophytes exposure to trajectory lifetime. A) Time series using back-

trajectories durations of 24 h (red), 36 h (magenta), 48 h (green) and 72 h (blue). B) Temporal 

correlation (Pearson´s R) between exposure time series computed with each duration τ and the 

72-h reference case. 25 

 



3 
 

 

Figure S4. (A) Cross-wavelet coherence between primary marine organic aerosol (PMOA) and 

elemental black carbon (eBC) during 2018. Colours indicate the magnitude of wavelet coherence 

(0-1), with black contours denoting regions significant at the 95% confidence level against red-30 

noise. Arrows represent phase relationships (right: in-phase; left: anti-phase; up/down: lead-lag). 

The cone of influence (grey shading) marks regions affected by edge effects. (B) Lagged cross-

entropy between PMOA and eBC. The Significance markers distinguish non-significant and 

weakly significant lags; the absence of a sharp highly significant, isolated minimum indicates no 

robust or stable lead-lag relationship. 35 
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Figure S5. Daily Temporal dynamics of phytoplankton functional types in the North Atlantic 

extracted from the AIGD-PFT model (Zhang et al. 2024). Yearly time series of chl-a biomass (mg 

m⁻³) for major phytoplankton functional types averaged over the region bounded by 20°-66°N and 

72°W-0° longitude, similarly to Mansour et al. (2024). Panels show: (A) Cryptophytes, (B) 45 
Diatoms, (C) Dinoflagellates, (D) Chlorophytes, (E) Haptophytes, (F) Pelagophytes, (G) 

Prochlorococcus, (H) Other Prokaryotes. Shaded areas represent variability (standard deviation) 

around the mean (negative values are not meaningful), vertical dashed lines denote detected 

changepoints. 
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 50 

Figure S6. (A) AIGD-PFT Annual mean diatom mass concentrations averaged over the region 

20°-66° N, 72° W-0° E. (B) Relative contributions of individual phytoplankton functional types to 

total chlorophyll-a biomass (sum of the 8 PFTs) within the same region. 
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Figure S7. (A) Mass spectra constrained using the Ovadnevaite et al. (2011) reference profile. (B) 

Corresponding PMOA (µg m⁻³) time series reconstructed from PMF solutions ranging from 3 to 

8 factors, with a-value variation (0–0.9) 60 
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Figure S8. Pearson correlations between constrained PMOA time series and phytoplankton 

functional types (PFTs) and black carbon (BC) for PMF solutions within 3 to 5 factors. Rows show 

the a-value used to constrain the PMOA reference spectrum and columns the external variables. 65 
Values indicate Pearson correlation coefficients (R). Colours denote significant correlations (p < 

0.05), while non-significant correlations are shown in grey.  
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Figure S9. A) Primary marine organic aerosol (PMOA) sensitivity to a-values constraining B) 

Retained PMOA time series (a-value of 0.40) along with Phytoplankton functional types 70 
exposure with retained phytoplankton functional types (cryptophytes, dinoflagellates, diatoms 

and chlorophytes). B) Pearson´s correlations between primary marine organic aerosol (PMOA) 

constraining sensitivity analysis time series (a-values), black carbon (bc) and phytoplankton 

functional types exposure time series, non-significant correlations (p-values>0.05) are 

represented as grey shaded cells. 75 
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Figure S10. (A) PMOA time series (µg m⁻³) from the six-factor solution, expressed as the mean ± 

standard deviation across all bootstrap runs. (B) Distribution of Q/Qexp across bootstrap runs 

for factor solutions ranging from three to eight factors, with mean ± standard deviation 

indicated above each box. (C) Relative variability of Q/Qexp, expressed as the standard 105 
deviation divided by the mean across bootstrap runs, as a function of factor number. (D) 

Relative change in Q/Qexp between successive factor solutions, defined as Δ(Q/Qexp)/⟨Q/Qexp⟩ 
from n to n+1 factors. (E) Scaled residuals matrix (observed minus modelled) for the six-factor 

solution, (F) Distribution of relative uncertainty across bootstrap runs, with lognormal fit (solid 

line), mean (dashed line) and median (dotted line) indicated. 110 
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Figure S11. August 2018 - Pearson’s correlations between primary marine organic aerosol 

(PMOA) constraining sensitivity analysis time series (a-values), black carbon (bc) and 

phytoplankton functional types HYSPLIT air masses exposure time series, non-significant 120 
correlations (p-values>0.05) are represented as grey shaded cells. Black carbon measurements 

are used as a counterfactual against truly pristine conditions. 

 

 

Figure S12. Violin plots show the distribution of micronekton biomass (gC m⁻² in seawater) air 125 
masses exposure, with the horizontal bar indicating the median and the diamond the geometric 

mean. Values above each violin report the geometric mean ± geometric standard deviation. 
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Figure S13. Time series of air-mass-integrated zooplankton and epipelagic micronekton exposure 

(gC m⁻²), dinoflagellate exposure (mg m⁻³), primary marine organic aerosol (PMOA, µg m⁻³), and 130 

methane-sulphonic acid organic aerosol (MSA, µg m⁻³) at Mace Head during 2018. 



12 
 

 

Figure S14. Wave-physical and atmospheric parameters along HYSPLIT sources for the three 

case study periods (Spring–Summer 2018, August 2018, August 2009). (A) Total significant wave 

height H_s (m); (B) seawater kinematic viscosity ν_sw (m² s⁻¹); (C) air-sea temperature difference 135 
ΔT (°C), (D) wave Reynolds number Re_Hw; (E) wave age c_p/U_10. 
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Figure S15. Continuous wavelet coherence spectra between particulate marine organic aerosol 140 

(PMOA) mass concentrations and major phytoplankton functional types over the spring-summer 

2018 climax period. Panels show (A) Diatoms, (B) Dinoflagellates, (C) Chlorophytes, (D) 

Cryptophytes, (E) Haptophytes, (F) Pelagophytes, (G) Prokaryotes, and (H) Prochlorococcus. 
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Warm colours indicate regions of high coherence (0–1), black contours enclose statistically 

significant areas at the 95 % confidence level based on Monte Carlo permutations. 145 

 

 

Figure S16. Time series of satellite-derived ocean colour variables compared with PMOA during 

the spring-summer climax period. Panels show (A) chlorophyll-a (chl-a), (B) Hampel-filtered chl-

a, (C) suspended particulate matter (SPM), and (D) Hampel-filtered SPM, F) Cross entropy 150 
between PMOA and Hampel filtered chl-a. 

 

Table S1. Longhurst Regional variability in PFT composition 

Region 

Cryptop

hytes 

(%) 

Diato

ms 

(%) 

Dinofl

agellat

es (%) 

Chlorop

hytes 

(%) 

Haptoph

ytes (%) 

Pelagop

hytes 

(%) 

Prochloroc

occus (%) 

Prokary

otes (%) 
Total (mg m-3) 

NADR 6.9 24.4 5.0 31.1 23.7 3.1 3.3 2.5 0.48 

ARCT 5.2 49.4 4.6 18.0 18.7 2.4 0.9 0.8 0.97 

NECS 5.2 49.4 4.6 18.0 18.7 2.4 0.9 0.8 0.90 

NWCS 8.7 53.9 5.2 20.7 6.7 1.0 2.0 1.8 0.83 
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Region 

Cryptop

hytes 

(%) 

Diato

ms 

(%) 

Dinofl

agellat

es (%) 

Chlorop

hytes 

(%) 

Haptoph

ytes (%) 

Pelagop

hytes 

(%) 

Prochloroc

occus (%) 

Prokary

otes (%) 
Total (mg m-3) 

SARC 5.6 45.0 5.4 22.8 17.4 2.0 0.8 1.0 0.77 

BPLR 7.2 65.5 4.2 15.7 4.7 0.9 1.3 0.6 0.97 

NASE 7.0 19.4 4.3 32.3 22.2 3.2 6.2 5.4 0.36 

GFST 6.3 22.9 4.6 30.8 18.4 2.8 7.6 6.7 0.31 

 

Table S2. Pearson´s correlations between different phytoplankton groups and sea spray related 155 

measurements (PMOA in this study) across marine regions; data compiled from Moallemi et al. 

(2021a)1, Jung et al. (2020)2, Freney et al. (2020)3, Trueblood et al. (2021)4, Schwier et al. (2017)5, 

Schwier et al. (2015)6 and (Sellegri et al., 2021)7. NS: non-significant 

PFT 

measurements 

This 

Study 

HR-ToF-

AMS 

Southern 

Ocean1 

SSF 

Amundsen 

Sea2 

SSF 

Med Sea3 

ToF-

ACSM 

Med 

Sea4 

INP 

Med 

Sea5 

CCN 

Med 

Sea6 

CCN 

Med 

Sea7 

CCN 

Cryptophytes 0.68   -0.22 0.48 0.58   

Diatoms 0.65  0.89   0.64   

Dinoflagellates 0.70 -0.4 0.4    0.64   

Chlorophytes 0.62 0.55 0.69       

Haptophytes 0.30 -0.4 0.4  -0.27–

0.38 
0.10–

0.48 
  0.32 

Pelagophytes 0.21 0.44       

Prochlorococcus -0.02 -0.4 0.4     0.70  

Prokaryotes 0.32 -0.4 0.4  -0.41–

0.28 
NS    

Micronekton 0.55        

HR-ToF-AMS: High-Resolution Time-of-Flight Aerosol Mass Spectrometer; SSF: Sea Spray 

Fluorescence; ToF-ACSM: Time-of-Flight Aerosol Chemical Speciation Monitor; INP: Ice Nucleating 160 
Particles; CCN: Cloud Condensation Nuclei; NS: Not significant. 
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