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S1. Additional information for Equations 1 - 5 21 

Equations 1 – 4 comprise a system of four equations for determining the contribution of sea 22 

salt and dust to bulk PILS Na+ and Ca2+ mass concentrations. Equation 5 (derived from Eqs. 1 – 23 

4) can produce negative values for ssNa+ depending on Na+
bulk and Ca2+

bulk. In these cases, ssNa+ 24 

is set to 0, which prevents negative mass concentrations from also being assigned to Na+
dust, ssCa2+, 25 

and Ca2+
dust. 26 

S2. Additional information for Equations 6 - 14 27 

Equations 6 – 13 constitute a system of equations for determining the contribution of sea salt, 28 

dust, and emissions from combustion processes to bulk PILS Na+, Ca2+, and K+ mass 29 

concentrations. When a computer-based solver attempts to solve Eqs. 6 – 13, nonphysical results 30 

are often produced (i.e., either negative mass concentrations arise for certain species or there is no 31 

solution at all). Thus, we manually solve for one unknown variable at a time and adjust calculated 32 

values as necessary to arrive at a physical solution using the following method: 33 

1. Manual calculations begin with Eq. 14 (derived from Eqs. 6 – 13), yet Eq. 14 can produce 34 

negative values for ssNa+ depending on Na+
bulk, Ca2+

bulk, K+
bulk, and the selected 35 

 (
𝑁𝑎+

𝐾+ )
𝑐𝑜𝑚𝑏

. In these cases, ssNa+ is set to 0, which prevents negative mass concentrations 36 

from also being assigned to ssCa2+ and ssK+ via Eq. 9 and 11, respectively.  37 

2. If ssCa2+ and ssK+ exceed Ca2+
bulk and K+

bulk, respectively, ssCa2+ and ssK+ are set to 38 

Ca2+
bulk and K+

bulk, respectively.  39 

3. If the sum of K+
dust and ssK+ exceed K+

bulk, K
+

dust is set to K+
bulk – ssK+, which forces K+

comb 40 

to be 0. 41 

4. If the sum of Na+
comb and ssNa+ exceed Na+

bulk, Na+
comb is set to Na+

bulk – ssNa+, which 42 

forces Na+
dust to be 0. Note that this adjustment prioritizes allotment of Na+

bulk to Na+
comb 43 

over Na+
dust. We performed this same adjustment except prioritizing assignment of Na+

bulk 44 

to Na+
dust over Na+

comb, and it did not significantly alter our results.  45 
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Table S1. Nomenclature for variables used in calculations relevant to Cl- depletion. 46 

Variable(s) Description 

𝑁𝑎𝑏𝑢𝑙𝑘
+ , 𝐶𝑎𝑏𝑢𝑙𝑘

2+ , 𝐾𝑏𝑢𝑙𝑘
+ , 𝑆𝑂4, 𝑏𝑢𝑙𝑘

2− ,  

𝑁𝑂3,𝑏𝑢𝑙𝑘
− , 𝑜𝑥𝑎𝑙𝑎𝑡𝑒𝑏𝑢𝑙𝑘, 𝐶𝑙𝑏𝑢𝑙𝑘

−  

Raw mass concentrations for each of the species listed 

from PILS-IC analysis.1 

𝑁𝐻4,𝑏𝑢𝑙𝑘
+  Raw mass concentrations of NH4

+ from the AMS2. 

𝑠𝑠𝑁𝑎+, 𝑠𝑠𝐶𝑎2+, 𝑠𝑠𝐾+ Derived mass concentrations attributed to sea salt for 

each of the species listed. 

𝑁𝑎𝑑𝑢𝑠𝑡
+ , 𝐶𝑎𝑑𝑢𝑠𝑡

2+ , 𝐾𝑑𝑢𝑠𝑡
+  Derived mass concentrations attributed to dust for 

each of the species listed. 

𝑁𝑎𝑐𝑜𝑚𝑏
+ , 𝐾𝑐𝑜𝑚𝑏

+  Derived mass concentrations attributed to combustion 

processes for each of the species listed. 

𝑆𝑒𝑎 𝑠𝑎𝑙𝑡 Derived mass concentrations of sea salt. 

%𝐶𝑙− 𝑑𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛  Derived percentages of the original Cl- in sea salt 

particles that has since been displaced through 

depletion reactions. 

𝐿𝑜𝑠𝑡 𝐶𝑙− Derived mass concentrations of particulate Cl- 

displaced from sea salt particles (when reported in 

units of µg m-3) or the molar fraction of gaseous Cl 

added to the atmosphere following Cl- depletion 

reactions (when reported in units of pptv or ppbv). 

Note these are equivalent. Values are calculated using 

Approach 1, meaning that non-sea salt sources of Na+ 

are considered. 

𝐿𝑜𝑠𝑡 𝐶𝑙𝑏𝑢𝑙𝑘
−  Same as lost Cl- above, but calculated using Approach 

2, meaning that sea salt is assumed to be the only 

source of atmospheric Na+. 

𝐿𝑜𝑠𝑡 𝐶𝑙𝑑𝑖𝑓𝑓
−  Difference between lost Clbulk

−  and lost Cl-, which is 

used to understand how assumptions about the 

source(s) of atmospheric Na+ affect derived amounts 

of displaced Cl-. 
𝑛𝑠𝑠𝑆𝑂4

2− Derived mass concentrations of SO4
2- attributed to 

sources other than sea salt. 

𝐸𝑥𝑆𝑂4
2−, 𝐸𝑥𝑁𝑂3

− Derived mass concentrations of SO4
2- and NO3

-, 

respectively, remaining after neutralization with NH4
+. 

𝐸𝑥𝑁𝐻4
+ Derived mass concentrations of remaining NH4

+ after 

neutralizing nssSO4
2-. 

𝐸𝑥𝑐𝑒𝑠𝑠 𝑎𝑐𝑖𝑑𝑖𝑐 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 Derived total mass concentrations of the acidic species 

not neutralized by ammonium and, thus, having the 

potential to displace Cl- from sea salt particles. 

𝐿𝑜𝑠𝑡 𝐶𝑙− 𝑎𝑡𝑡𝑟.  𝑡𝑜 𝐴 Hypothetical mass concentrations of the amount of Cl- 

a given acidic species has the potential to displace, 

where A can be ExSO4
2-, Ex NO3

-, or oxalatebulk. 
𝐿𝑜𝑠𝑡 𝐶𝑙− 𝑎𝑡𝑡𝑟.  𝑡𝑜 excess acidic species Hypothetical mass concentration of the total Cl- that 

can be displaced from sea salt particles based on the 

available amount of excess acidic species. 
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1“PILS-IC analysis” refers to in-flight sampling with a particle into liquid sampler (PILS) 47 

following by offline sample analysis using ion chromatography (IC). 48 

2“AMS” stands for aerosol mass spectrometer.49 
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Table S2. Mass ratios, molecular weights, and charges of fully deprotonated conjugate bases 50 

used in calculations relevant to Cl- depletion. 51 

Type of parameter Parameter Value 

Mass ratio [unitless] 

(
𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠

𝑁𝑎+
)

𝑠𝑠
 3.267a 

(
𝐶𝑎2+

𝑁𝑎+
)

𝑠𝑠

 0.038b, c 

(
𝐶𝑎2+

𝑁𝑎+
)

𝑑𝑢𝑠𝑡

 1.78b 

(
𝐾+

𝑁𝑎+
)

𝑠𝑠

 0.036a, c 

(
𝐾+

𝐶𝑎2+
)

𝑑𝑢𝑠𝑡

 1.00d 

(
𝑁𝑎+

𝐾+
)

𝑐𝑜𝑚𝑏

 See Table S2 

(
𝑆𝑂4

2−

𝑁𝑎+
)

𝑠𝑠

 0.253e, f, g 

(
𝐶𝑙−

𝑁𝑎+
)

𝑠𝑠
 1.81b 

  

Molecular weight 

[g mol-1] 

𝑀𝑊𝑆𝑂4
2− 96.056 

𝑀𝑊𝑁𝐻4
+ 18.039 

𝑀𝑊𝑁𝑂3
− 62.005 

𝑀𝑊𝐶𝑙− 35.453 

𝑀𝑊𝑜𝑥𝑎𝑙𝑎𝑡𝑒 88.019 

Charge of fully 

deprotonated conjugate 

base [unitless] 

𝑦𝑆𝑂4
2− 2 

𝑦𝑁𝑂3
− 1 

𝑦𝑜𝑥𝑎𝑙𝑎𝑡𝑒 2 
aSeinfeld and Pandis (2016) 52 
bBowen (1979) 53 
cFinlayson-Pitts and Pitts (2000) 54 
dAldhaif et al. (2020) 55 
eBecagli et al. (2005) 56 
fBoreddy and Kawamura (2015) 57 
gFarren et al. (2019)  58 
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Table S3. Details regarding the various (
𝑁𝑎+

𝐾+
)

𝑐𝑜𝑚𝑏
 ratios used when exploring how different 59 

combustion processes may affect calculations relevant to Cl- depletion. 60 

Indicator used in text Description of combustion process Value 

Herbaceous 

agricultural fire 

Agricultural burning of herbaceous crop residue 0.05a 

Forest fire Forest fire burning of pinion and juniper trees 0.08b 

Industrial (avg) Average from industrial operations at steel mills 

and cement plants 

0.24c, d 

Sauna stove Inefficient batch combustion of birch wood in a 

sauna stove for residential heating 

0.75e 

Car exhaust Fossil fuel combustion by motor vehicles 0.91c, f 

Coal combustion (avg) Average from burning of pulverized western coal 

comprised of low sulfur (0.5%) and high ash 

(22%) at a coal-fired power plant 

3.03c, g 

aTurn et al. (1997) 61 
bWatson et al. (2001) 62 
cOoki et al. (2002) 63 
dScheff and Valiozis (1990) 64 
eLamberg et al. (2011) 65 
fHuang et al. (1994) 66 
gOndov et al. (1989)67 
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Table S4. Summary of findings from this work as well as those from previous studies conducted around the globe. “BDL” stands for 68 

below detection limit, and “SSA” stands for sea salt aerosol. Several abbreviations are used and are defined as the following: “Ref” = 69 

reference, “Alt” = relevant altitudes, “Dp” = particle size range, “Stat” = statistic reported, “SSA” = sea salt aerosol, “Attr. Na+ to nss 70 

sources” = Attributes Na+ to non-sea salt sources, “Eq” = equation, “Air” = aircraft, “Surf” = surface station(s), “Med” = median, and 71 

“Rng” = range, “USEC” = United States East Coast, and “BDL” = below detection limit. 72 
Ref Date Site Platfo

rm 

Alt Dp Stat SSA Na+ K+ Ca2

+ 

Cl- Nss 

SO4
2- 

NO3
- NH4

+ Cl-: 

Na+ 

Lost Cl- Cl- 

deple

tion 

Attr. 

Na+ 

to 

nss 

sour

ces 

Eq/ method for 

determining 

SSA mass 

and/or Cl- 

depletion (%) 

Eq/ method ref 

    m 

a.s.l 
µm  

µg 

m-3 

µg 

m-3 

µg 

m-3 

µg 

m-3 

µg 

m-3 

µg 

m-3 

µg 

m-3 

µg 

m-3 
 

µg m-3/ 

pptv 
% 

   

This 

study 

Dec-

Feb 

2022 

USEC; 

34.0°–

41.7° N/ 

70.0°–

76.7° W 

Air 160 

– 

200

0 

< 51 Med 0.61 0.25 0.04 0.0

6 

0.3

2 

0.66 0.49 0.27 1.702 0.04/27 6 Yes Eqs. 1 – 4, 15, 

16 

 

Boreddy and 

Kawamura 

(2015); 

AzadiAghdam et 

al. (2019) 

Mar 

2022 

USEC; 

32.2°–

38.5° N/ 

69.1°–

76.5° W 

0.65 0.27 0.07 0.1

3 

0.4

3 

0.71 0.81 0.38 1.622 0.04/27 10 

May 

2022 

USEC; 

32.3°– 

41.7° N/ 

69.1°–

76.5° W 

0.95 0.26 0.05 0.1

2 

0.4

6 

0.90 0.55 0.57 0.642 1.76/ 

1174 

64 

Jun 

2022 

Bermud

a; 

30.8°–

35.9° N/ 

59.5°–

65.9° W 

4.3 1.24 0.06 0.0

7 

1.6

8 

1.34 0.90 0.22 1.352 0.66/440 25 

Studies in open ocean environments 

Prospe

ro 

(1979) 

Jun-

Aug 

1975 

NWA; 

34°–40° 

N/ 

52°–60° 

W 

Ship 15 < 

30 

Mean 4.413

/ 

5.524 

          No 𝑆𝑆𝐴
= 3.252 ∙ 𝑁𝑎+ 

 

Spada 

et al. 

(2015) 

1987

-

1996 

New 

Zealand; 

41.3°–

46.4° S/ 

168.4° 

E– 

176.5° 

W 

Surf  No 

upp

er 

limi

t 

Rng ~6 - 

14 

          No 𝑆𝑆𝐴
= 1.47 ∙ 𝑁𝑎+

+  𝐶𝑙− 

Quinn and Bates 

(2005) 

Keene 

et al. 

(1990) 

Jul-

Sep 

1988 

Bermud

a 

Ship 10-

m 

tow

er 

on 

ship 

No 

upp

er 

limi

t 

Mean     1.3

3 

    0.68/454   Multiplies Na+ 

by ratio in 

seawater 
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Air MB

L 

    0.1

3 

    0.34/227    

Heintz

enberg 

et al. 

(2000) 

1990

-

1997 

30°-45° 

N5 

Ship 

and air 

MB

L 

N/

A 

Mean ~6     ~3      No 𝑆𝑆𝐴
= 3.262 ∙ 𝑁𝑎+ 

Wilson (1975) 

Shinoz

uka et 

al. 

(2004) 

Nov-

Dec 

1995 

Tasmani

a; 135°-

160° 

E/38°-

57° S 

Air < 

200

0 

< 

3.5/

No 

upp

er 

limi

t6 

Rng 0 – 8/ 

9 - 

40 

          No 𝑆𝑆𝐴
= 1.47 ∙ 𝑁𝑎+

+  𝐶𝑙− 

Holland (1978); 

Quinn et al. 

(2001) 

Keene 

and 

Savoie 

(1998) 

Apr-

May 

1996 

Bermud

a; 

32° 

N/64° W 

Surf 28 0.5

5-

17 

Rng     3.4

2 – 

8.2

6 

 0.10 

– 

1.366 

  0.22 – 

1.35/147 

– 900 

 No 𝑆𝑆𝐴
= 3.262 ∙ 𝑁𝑎+ 

Keene et al. 

(1986); Wilson 

(1975) 

Quinn 

and 

Bates 

(2005) 

Nov-

Dec 

1995 

Souther

n Ocean 

south of 

Australi

a 

Ship 18 < 

10 

Mean 0.77  BDL   0.03 BDL 0.01    No 𝑆𝑆𝐴
= 1.47 ∙ 𝑁𝑎+

+  𝐶𝑙− 

 

Jun-

Jul 

1997 

Sub-

tropical 

northeas

t 

Atlantic 

0.30  BDL   0.20 0.08 0.03     

Jan-

Feb 

1999 

Tropical 

Atlantic 

0.38 

/0.43
8 

 BDL/ 

0.018 

  0.01/ 

0.088 

0.02/ 

0.068 

0.00/ 

0.018 

    

Quinn 

et al. 

(2001) 

Jan-

Feb 

1999 

Norther

n 

hemisph

ere 

marine9 

Ship 18 < 

1.1/ 

1.1 

– 

10 

Mean 0.22/

8.00 

 0.00/

0.01 

  0.15/

<0.00 

0.01/

0.23 

0.03/ 

<0.00 

   No 𝑆𝑆𝐴
= 1.47 ∙ 𝑁𝑎+

+  𝐶𝑙− 

Holland (1978) 

Souther

n 

hemisph

ere 

marine 

tropics9 

0.08/

6.40 

 0.00/

0.00 

  0.52/

0.07 

<0.00

/ 

0.19 

0.05/ 

<0.00 

   

Souther

n 

hemisph

ere 

marine 

temperat

e9 

0.14/

9.5 

 0.00/

0.00 

  0.56/

0.03 

<0.00

/0.14 

0.04/ 

<0.00 

   

Boredd

y and 

Kawa

mura 

(2015) 

Dec-

Feb 

2001

-

2012 

Chichiji

ma 

Island; 

27.1 °N 

/142.2 

°E 

Surf 259 No 

upp

er 

limi

t 

Mean  4.12 0.051

0 

0.1

210 

7.1

0 

3.06 0.78 0.19 1.75   Yes Same system of 

equations as 

Eqs. 1-4 in this 

study 

 

Mar-

May 

2001

-

2012 

 3.32 0.051

0 

0.3

010 

6.1

8 

2.97 0.84 0.23 1.67    
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Jun-

Aug 

2001

-

2012 

 2.52 0.021

0 

0.0

410 

4.9

4 

1.06 0.24 0.11 1.821

1 

   

Sep-

Nov 

2001

-

2012 

 3.62 0.051

0 

0.0

410 

7.1

2 

1.31 0.43 0.11 1.981

1 

   

Jiang 

et al. 

(2021) 

Sum

mer 

2008

-

2016 

Northwe

st 

Pacific; 

31°–

51.3° N/ 

122°–

173° E 

Ship Top 

dec

k of 

ship 

Uns

peci

fied 

Rng 

(Mea

n) 

1.6 – 

42.0 

(11.7

) 

          No 𝑆𝑆𝐴
= 3.256 ∙ 𝑁𝑎+ 

Riley and Chester 

(1976) 

Feng 

et al. 

(2017) 

Nov 

2012/

2013 

Yellow 

Sea and 

Bohai 

Sea 

Ship  0.0

1 - 

18 

Mean 3.8/4.

0 

         8

% 

an

d 

35

% 

fo

r 

pa

rti

cl

es 

< 

10 

an

d 

< 

1 

µ

m, 

re

sp

ec

ti

ve

ly 

No 𝑆𝑆𝐴
= 3.26 ∙ 𝑁𝑎+ 

Manders et al. 

(2010) 

Mar-

Apr 

2014 

Yellow 

Sea and 

North 

Pacific 

 4.0          

Mar-

May 

2015 

 2.5          

Murph

y et al. 

(2019) 

Jul-

Aug 

2016, 

Jan-

Feb 

2017 

30°–45° 

N over 

Pacific 

Ocean 

Air 160 

- 

150

0 

0.1

8 - 

3 

Rng ~0.5 

– 2.5 

          Yes12 Method using 

ion mass spectra 

 

Studies in coastal locations 

Keene 

et al. 

(1990) 

Jul-

Sep 

1988 

USEC Ship 10-

m 

tow

er 

on 

ship 

No 

upp

er 

limi

t 

Mean     4.0

4 

    1.11/740  No Multiplies Na+ 

by ratio in 

seawater 

 

Air MB

L 

    0.4

5 

    0.79/527   
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Wai 

and 

Tanner 

(2004) 

1995

-

1999 

Hong 

Kong; 

22.3° 

N/114.1

° E 

Surf 77 < 

10 

1995 

mean 

2.32           Yes13 Uses Na+ as 

indicator of SSA 

 

Quinn 

et al. 

(2001) 

Jan-

Feb 

1999 

USEC8 Ship 18 < 

1.1/ 

1.1 

- 10 

Mean 0.12/

9.20 

 0.02/ 

<0.00 

  2.40/

0.09 

0.04/ 

2.30 

0.54/ 

<0.00 

   No 𝑆𝑆𝐴
= 1.47 ∙ 𝑁𝑎+

+  𝐶𝑙− 

Holland (1978) 

Quinn 

and 

Bates 

(2005) 

Jan-

Mar 

1999 

Norther

n Indian 

Ocean 

Ship 18 < 

10 

Mean

s 

0.25/ 

0.081

4 

 BDL/ 

0.011

4 

  0.05/ 

0.251

4 

0.04/ 

0.071

4 

0.01/ 

0.051

4 

    𝑆𝑆𝐴
= 1.47 ∙ 𝑁𝑎+

+  𝐶𝑙− 

 

Mar-

Apr 

2001 

East 

coast of 

Japan,  

Sea of 

Japan,  

East 

China 

Sea 

0.08/ 

0.061

5 

 BDL/ 

BDL
15 

  0.15/ 

0.071

5 

0.07/ 

0.031

5 

0.05/ 

0.021

5 

     

Jul-

Aug 

2002 

USEC; 

33°-45° 

N  

0.04  BDL  0.1

7 

 0.03 0.05 0.4 

(< 1 

µm)/ 

0.8 

(1 - 

10 

µm) 

    

Keene 

et al. 

(2004) 

Jul-

Aug 

2002 

USEC; 

33°-44° 

N/ 

68°-80° 

W 

Ship 18 <25 Medi

an 

    0.1

9 

3.48 0.79 0.57   86 N/A Uses Mg2+ as 

reference for 

SSA 

Keene et al. 

(1986) 

Nolte 

et al. 

(2008) 

May-

Jun 

2002 

Tampa, 

Florida, 

USA; 

~27.9° 

N,82.5° 

W 

Surf Un-

spe

cifi

ed 

0.0

56 - 

18 

Mean 

or 

rng 

 1.41   1.6

6 

3.761

6 

1.74 1.19 0.2 – 

0.35 

(< 1 

µm)/ 

0.35 

- 0.9 

(> 1 

µm) 

 48 No Cl- depletion 

(%) determined 

by deficit of Cl-

/Na+ ratio from 

1.17 

Stumm and 

Morgan (1981) 

Yao 

and 

Zhang 

(2012) 

Jun-

Jul, 

Oct-

Nov 

2002 

Kejimku

jik, 

Nova 

Scotia;  

44.4° N 

/65.2° 

W 

Surf 5 m 

abo

ve 

gro

und 

3.1 

– 

6.2 

Rng 

sum

mer/ 

fall 

 0.05 

– 

0.22/

0.03 

– 

0.24 

        8 

– 

10

0/ 

0 

- 

55 

No Uses Cl-:Na+ 

ratio of 1.174 in 

sea water to 

determine Cl- 

depletion (%) 

Zhuang et al. 

(1999) 

Nov 

2002
17 

 0.0

48 - 

18 

Rng 

<1 

µm 

/> 1 

µm 

 BDL 

– 

0.07/

0.72 

– 

1.59 

   1.04 

– 

2.92/

0.11 

– 

2.33 

0.02 

– 

0.18/

0.69 

– 

2.35 

0.31 

– 

0.91/

0.02 

– 

0.80 

   

Keene 

et al. 

(2007) 

Jul-

Aug 

2004 

Appledo

re 

Island, 

Maine, 

USA; 

Surf 43 0.3

9 – 

18/

No 

upp

Med 

or 

rng 

 0.68   0.5

0 

0.96 

– 

21.61 

0.26 

– 

1.57 

  0.00 – 

1.31/0 - 

874 

 No19 Uses Na+ and 

Mg2+ to 

determine SSA 

Keene et al. 

(1986) 
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42.9° 

N/70.6° 

W 

er 

limi

t18 

Zhao 

and 

Gao 

(2008) 

Jul-

Sep 

2006 

Newark, 

New 

Jersey, 

USA; 

40.7° 

N/74.2° 

W 

Surf 20 

m 

abo

ve 

gro

und 

0.0

56 

– 

18 

Mean 

or 

rng 

        0.33 

– 

1.21 

 14 

- 

96 

Yes20 For samples 

with Na+:Mg2+ 

>5 , Na+ is 

reference 

species for SSA 

Finlayson-Pitts 

and Pitts (2000) 

Corral 

et al. 

(2021) 

Dec-

Feb  

2014 

- 

2018 

USEC; 

25.4°–

44.4° 

N/70.0°

–82.1° 

W 

Surf21  -3 - 

157 

< 

2.5 

Rng 

of 

mean

s 

acros

s 9 

statio

ns 

0.24-

1.15 

          N/A 𝑆𝑆𝐴
= 1.81 ∙ 𝐶𝑙− 

http://vista.cira.co

lostate.edu/Impro

ve/reconstructed-

fine-mass/ 

Mar-

May  

2014 

- 

2018 

0.35 

– 

1.26 

          

Jun-

Aug  

2014 

- 

2018 

0.15 

– 

0.70 

          

Sep-

Nov  

2014

-

2018 

0.19-

1.09 

          

Haskin

s et al. 

(2018) 

Feb-

Mar 

2015 

USEC; 

~28°–

43° 

N/68°–

85° W 

Air < 

100

0 

< 

4.1 

Med  

 

    Ove

r 

oce

an: 

0.2

8 – 

0.2 

Ove

r 

lan

d: 

0.1

2 – 

0.1

522 

    Over 

ocean: 

0.30/202 

Over 

land: 

0.08/53 

 No Na+ and Cl- are 

assumed to 

come 

exclusively from 

SSA 

Junge and Werby 

(1958) 

Kloppe

r et al. 

(2020) 

Feb 

2016 

– 

Dec 

2017 

Henties 

Bay, 

Namibia 

Surf 30 < 

10 

Mean  10.2 0.41 0.7

3 

13.

9 

3.602

3 

0.23 0.21 1.35 

(201

6)/ 

1.34 

(201

7) 

  Yes Similar system 

of equations as 

Eqs.1-4 in this 

study 

Seinfeld and 

Pandis (2016) 

Azadi

Aghda

m et 

al. 

(2019) 

Jul-

Dec 

2018 

Quezon 

City, 

Philippi

nes; 

14.6° N/ 

121.1° E 

Surf 85 0.0

56 - 

18 

Rng 0.1 – 

2.6 

0.20 

– 

1.48 

        21 

- 

91 

Yes Same as Eqs. 1-

4, 15, 16 in this 

study; 
𝑆𝑆𝐴
= 𝑠𝑠𝑁𝑎+ + 𝐶𝑙− 

Becagli et al. 

(2005); Boreddy 

and Kawamura 

(2015); Farren et 

al. (2019) 

Aug 

2005 

– Oct 

2007 

< 

2.5 

(P

Rng 

of 

mean

s 

     2.03 

– 

3.12/

0.31 

0.17 

– 

0.35/ 

 0.32 

– 

0.59/ 

  

http://vista.cira.colostate.edu/Improve/reconstructed-fine-mass/
http://vista.cira.colostate.edu/Improve/reconstructed-fine-mass/
http://vista.cira.colostate.edu/Improve/reconstructed-fine-mass/
http://vista.cira.colostate.edu/Improve/reconstructed-fine-mass/
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M2.

5)/  

2.5 

– 

10 

(P

Mco

arse) 

– 

0.44 

0.44 

– 

0.74 

1.46 

– 

1.59 

Studies at inland locations 

Bondy 

et al. 

(2017) 

Jun-

Jul 

2013 

Centrevi

lle, 

Alabana, 

USA; 

32.9° 

N/87.3° 

W 

Surf 242 0.3

2 – 

1.8 

           76

% 

of 

S

S

A 

pa

rti

cl

es 

ha

d 

Cl

- 

de

pl

eti

on 

≥ 

90

% 

Yes24 Method using 

ion mass 

spectra; SSA 

particles 

identified as 

having 

Na+:Mg2+ ~10:1 

Pilson (1998) 

1Median values for NH4
+ are for particles 0.06 – 0.60 µm. 73 

2Ratios of Cl-:ssNa+ are reported instead of Cl-:Na+. 74 
3Geometric mean. 75 
4Arithmetic mean. 76 
5Heintzenberg et al. (2000) consider data from multiple field campaigns covering nearly all longitudes and latitudes (see Fig. 1 of their 77 

study) over ocean. Thus, means listed above represent the 30° – 45° N latitude band over ocean for the entire globe instead of a specific 78 

region. 79 
6Filters inside the aircraft sampled particles < 3.5 µm, while filters outside the aircraft did not have an upper limit for the size of particles 80 

sampled. 81 
7Ranges of NO3

- mass concentrations are for particles > 1 µm, all other ranges are for the specified size range (0.55 – 17 µm). 82 
8In the tropical Atlantic, air masses influenced by biomass burning (BB) and African dust were sampled. Mean values for a given 83 

parameter are reported as A/B, where A and B correspond to values associated with BB- and dust-influenced air masses, respectively. 84 
9Regimes defined in Quinn et al. (2001). Note that ranges of longitude and latitude are not provided for these regimes, but that the 85 

research vessel traveled from Norfolk, VA, USA (36.9° N, 76.3° W) to Cape Town, South Africa (34.3° S, 18.4° E). 86 
10Boreddy and Kawamura (2015) report non-sea salt K+ and Ca2+. 87 
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11These Cl-:Na+ ratios are higher than those typically found in sea salt particles. Boreddy and Kawamura (2015) note that non-sea salt 88 

sources of Cl- contributed to their samples in summer (June – August) and fall (September – November).  89 
12Particles containing aluminum, barium, and other metals were deemed to not be sea salt particles and excluded from the analysis in 90 

Murphy et al. (2019). 91 
13Wai and Tanner (2004) reported they “carefully examined their dataset” and determined there was negligible contribution of local 92 

non-sea salt sources of Na+ (e.g., crustal, granitic) to total Na+. 93 
14In the northern Indian Ocean, air masses were categorized as having recent (<2 days) contact with either the Arabian or Indian 94 

continent. Mean values for a given parameter are reported as A/B, where A and B correspond to values associated with air masses from 95 

the Arabian and Indian continent, respectively. 96 
15On the east coast of Japan, Sea of Japan, and East China Sea, air masses were categorized as having recent (<2 days) contact with 97 

either (i) Asian continental regions with known sources of pollution or (ii) Asian continental regions with known sources of pollution 98 

and dust. Mean values for a given parameter are reported as A/B, where A and B correspond to values associated with air masses likely 99 

affected by (i) Asian pollution and (ii) Asian pollution and dust, respectively. 100 
16Nolte et al. (2008) reported total SO4

2- instead of nssSO4
2-.  101 

17Yao and Zhang (2012) provided speciated sub- and supermicron mass concentrations for three samples collected in November 2002 102 

that had substantially high mass concentrations of Na+, nssSO4
2-, NO3

-, and NH4
+. 103 

18Aerosols were sampled using a cascade impactor (0.39 – 18 µm) as well as in bulk where no upper size limit is specified. Cl- and NO3
- 104 

mass concentrations correspond to the sum across all impactor stages, while Na+ and nssSO4
2- mass concentrations correspond to the 105 

bulk samples. 106 
19Keene et al. (2007) found good agreement between their measured ratios of Na+ to Mg2+ to those documented for sea salt. They 107 

proceeded assuming all Na+ and Mg2+ originated from the surface ocean. 108 
20

 Zhao and Gao (2008) used Na+:Mg2+ ratios to categorize samples as either from marine-dominated (Group 1; >5) or continental-109 

dominated (Group 2; < 5) air masses. Calculations and discussion regarding Cl- depletion only consider data from Group 1. 110 
21Stations operated through the United States Environmental Protection Agency (U.S. EPA) Interagency Monitoring of Protected Visual 111 

Environments (IMPROVE) network. 112 
22Haskins et al. (2018) provided day and night median Cl- mass concentrations for over ocean and over land. Above, we combine the 113 

day and night medians as a range. 114 
23Klopper et al. (2020) reported total SO4

2- instead of nssSO4
2-. 115 

24Bondy et al. (2017) note particles identified and analyzed as sea salt were unlikely to be influenced by dust as they had negligible 116 

amounts of soil elements, such as Si and Al. Samples from July 4 and 5 were excluded to eliminate influence from fireworks.117 
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Table S5. Number of data points considered in Figs. 1, 4, and S6 for each of the parameters 118 

presented for each of the seasonal/monthly categories. 119 
Parameter Dec-Feb Mar Mar transit May May transit Jun Bermuda 

Temperature 105781 83108 12806 34175 27427 19807 

Relative humidity 105846 83098 12805 34175 27421 19803 

Water vapor mixing 

ratio 105846 83098 12805 34175 27421 19803 

Wind speed 75483 58823 7994 19826 12955 6477 

CO 75523 58407 8545 23799 18745 10946 

Na+ 275 246 48 113 106 81 

K+ 218 217 47 60 43 52 

Ca2+ 235 244 48 73 81 67 

Cl- 268 230 43 43 65 78 

Cl-:Na+ 258 227 43 43 65 77 

K+:Na+ 185 208 47 58 41 52 

Ca2+:Na+ 202 220 48 64 75 66 

SO4
2- 342 276 48 136 116 81 

NO3
- 322 269 48 137 119 83 

Oxalate 263 227 43 137 120 82 

NH4
+ 2748 2385 403 1169 947 678 

Excess acidic species 1372 1790 423 468 373 486 

ssNa+ 202 220 48 64 75 66 

Cl-:ssNa+ 154 175 36 33 52 63 

Lost Cl- attributed to 

ExSO4
2- 

1258 1748 418 391 323 466 

Lost Cl- attributed to 

ExNO3
- 

1212 1733 418 391 323 466 

Lost Cl- attributed to 

oxalate 

263 227 43 137 120 82 

Lost Cl- based on 

ssNa+ 

190 206 43 33 53 64 

Lost Cl- attributed to 

excess acidic species 

1385 1794 423 468 373 487 

ExSO4
2- 1258 1748 418 391 323 466 

ExNO3
- 1212 1733 418 391 323 466 

m/z 44 2748 2385 403 1169 947 678 

m/z 79 2748 2385 403 1169 947 678 

  120 
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Table S6. Seasonal/monthly median values for each of the parameters presented in Figs. 1, 4, and 121 

S6. Recall the median is represented as a solid red line in the center of each box. 122 
Parameter Units Dec-Feb Mar Mar transit May May transit Jun Bermuda 

Temperature °C 2.7 9.2 13.3 19.9 19.2 21.9 

Relative humidity % 52.6 50.5 46.6 64.2 61.6 80.8 

Water vapor mixing 

ratio 
ppm 

3607.38 5585.31 6868.43 15798.90 15681.40 21605.40 

Wind speed m s-1 8.926 10.266 8.617 8.355 6.710 6.425 

CO ppm 0.1332 0.1404 0.1408 0.1246 0.1214 0.0813 

Na+ 

µg m-3 

0.25 0.27 0.75 0.26 0.46 1.24 

K+ 0.04 0.07 0.09 0.05 0.03 0.06 

Ca2+ 0.06 0.13 0.14 0.12 0.05 0.07 

Cl- 0.32 0.43 1.33 0.46 0.31 1.68 

Cl-:Na+ 

- 

1.443 1.309 1.376 0.391 0.456 1.310 

K+:Na+ 0.132 0.267 0.119 0.065 0.020 0.037 

Ca2+:Na+ 0.261 0.412 0.219 0.233 0.075 0.050 

SO4
2- 

µg m-3 

0.63 0.74 1.08 0.53 0.72 1.63 

NO3
- 0.49 0.81 0.77 0.55 0.74 0.90 

Oxalate 0.01 0.01 0.01 0.04 0.03 0.02 

NH4
+ 0.28 0.38 0.46 0.58 0.56 0.24 

Excess acidic species 0.30 0.57 0.36 0.05 0.44 1.82 

ssNa+ 0.19 0.20 0.71 0.29 0.63 1.32 

Cl-:ssNa+ - 1.536 1.560 1.617 0.645 0.471 1.354 

Lost Cl- attributed to 

ExSO4
2- 

µg m-3 

0.00 0.00 0.00 0.00 0.00 0.46 

Lost Cl- attributed to 

ExNO3
- 

0.13 0.29 0.18 0.00 0.42 0.58 

Lost Cl- attributed to 

oxalate 

0.01 0.01 0.01 0.03 0.03 0.02 

Lost Cl- based on 

ssNa+ 

0.04 0.04 0.11 1.76 1.33 0.66 

Lost Cl- attributed to 

excess acidic species 

0.17 0.34 0.21 0.04 0.26 1.14 

ExSO4
2- 0.00 0.00 0.00 0.00 0.00 0.63 

ExNO3
- 0.24 0.51 0.32 0.00 0.74 1.02 

m/z 44 0.11 0.22 0.38 0.46 0.41 0.03 

m/z 79 0.01 0.02 0.03 0.03 0.02 0.01 

 123 

124 
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Table S7. Dates, quantity of samples, meteorological conditions, and derived contributions of sea 125 

salt and dust to bulk PILS Na+
 (ssNa+ and Na+

dust, respectively) and Ca2+
 (ssCa2+ and Ca2+

dust, 126 

respectively) mass concentrations for research flights (RFs) considered in each category. “N PILS 127 

samples” refers to the total number of PILS samples collected during clear conditions on the date 128 

indicated, while “N samples w/ derived species” refers to the number of these samples providing 129 

enough information to solve Eqs. 1 – 4 (i.e., samples providing mass concentrations of both Na+
bulk 130 

and Ca2+
bulk). 131 

Category Date RF(s) 
N PILS 

samples 

N 

samples 

w/ 

derived 

species 

Meteorological 

conditions and/or 

relevant notes 

Median 

ssNa+ 

(µg m-3) 

Median 

Na+
dust 

(µg m-3) 

Median 

ssCa2+ 

(µg m-3) 

Median 

Ca2+
dust 

(µg m-3) 

Dec-Feb 

30 

November 

2021 

94 7 7 
Remains of post-frontal 

conditions 0.00 0.14 0.00 0.31 

01 

December 

2021 

95 16 16 
Prefrontal, high pressure; 

smoke in boundary layer near 

coast 
0.03 0.23 0.00 0.47 

07 

December 

2021 

96 5 5 
Postfrontal, cold high 

pressure behind a strong cold 

front 
0.07 0.11 0.00 0.20 

11 January 

2022 

100, 

101 
6 4 

Cold high pressure, cold air 

outbreak (CAO) conditions 0.32 0.03 0.01 0.07 

12 January 

2022 

102, 

103 
33 17 Cold high pressure 0.09 0.01 0.00 0.03 

15 January 

2022 
104 3 2 Postfrontal 0.67 0.02 0.01 0.04 

18 January 

2022 
105 11 0 

Low pressure moves offshore, 

sets up CAO conditions NaN NaN NaN NaN 

19 January 

2022 

107, 

108 
26 6 Short-lived high pressure 0.28 0.04 0.01 0.07 

24 January 

2022 

109, 

110 
26 9 

Postfrontal, weak high 

pressure 0.16 0.04 0.00 0.07 

26 January 

2022 

111, 

112 
20 7 Postfrontal 0.35 0.02 0.01 0.04 

27 January 

2022 

113, 

114 
18 5 Cold high pressure 0.24 0.00 0.01 0.00 

01 

February 

2022 

115 8 5 High pressure 1.07 0.01 0.03 0.03 
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02 

February 

2022 

116 17 6 High pressure 0.74 0.00 0.02 0.01 

03 

February 

2022 

117, 

118 
15 5 High pressure 1.00 0.00 0.02 0.00 

15 

February 

2022 

120, 

121 
34 21 

Postfrontal conditions, cold 

high pressure 0.22 0.01 0.00 0.02 

16 

February 

2022 

122, 

123 
21 18 Cold high pressure 0.17 0.04 0.01 0.08 

19 

February 

2022 

124, 

125 
38 30 Weak postfrontal 0.09 0.02 0.00 0.05 

22 

February 

2022 

126, 

127 
25 24 Prefrontal, high pressure 1.47 0.03 0.04 0.05 

26 

February 

2022 

128, 

129 
16 15 Postfrontal 0.11 0.03 0.00 0.05 

Overall  345 202  0.19 0.03 0.01 0.06 

Mar 

02 March 

2022 
130 39 36 Postfrontal, high pressure 0.19 0.08 0.01 0.15 

03 March 

2022 

131, 

132 
71 57 Weak prefrontal 0.71 0.13 0.03 0.26 

04 March 

2022 

133, 

134 
42 37 Cold high pressure 1.62 0.02 0.04 0.04 

13 March 

2022 
138 8 6 Postfrontal, CAO conditions 0.05 0.03 0.00 0.06 

14 March 

2022 

139, 

140 
38 36 

Late postfrontal, cold high 

pressure; smoke plume 

sampled from a woodland fire 
0.10 0.03 0.00 0.05 

18 March 

2022 
141 14 12 Weak postfrontal 0.13 0.02 0.00 0.03 

26 March 

2022 

144, 

145 
29 19 

Postfrontal; sampled dust, 

smoke, and potentially pollen 0.02 0.02 0.00 0.04 

28 March 

2022 
146 17 12 Postfrontal 0.02 0.02 0.00 0.04 

29 March 

2022 

147, 

148 
19 5 

Postfrontal, high pressure, 

CAO conditions 0.06 0.03 0.00 0.05 
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Overall  277 220  0.20 0.05 0.01 0.11 

May 

03 May 

2022 
149 15 12 

Weak prefrontal; presence of 

smoke potentially from New 

Mexico 
0.36 0.07 0.01 0.13 

05 May 

2022 

150, 

151 
18 11 Postfrontal 0.03 0.02 0.00 0.04 

16 May 

2022 

153, 

154 
39 7 

Prefrontal to an approaching 

cold front yet also postfrontal 

to a departing band of 

precipitation 

0.11 0.14 0.00 0.26 

17 May 

2022 
155 37 7 Postfrontal 0.08 0.00 0.00 0.00 

20 May 

2022 
158 28 27 

Warm high pressure, 

southerly flow due to 

Bermuda high2; haze with 

potential sampling of 

bioaerosol 

1.77 0.04 0.06 0.08 

Overall  137 64  0.29 0.03 0.01 0.07 

Mar 

transit 

22 March 

2022 

142, 

143 
48 48 

High pressure, two days after 

a cold front and two days 

before another cold front 
0.71 0.05 0.03 0.10 

May 

transit 

18 May 

2022 

156, 

157 
67 46 

Postfrontal along East Coast, 

aircraft passed across the cold 

front on the way to Bermuda 
0.58 0.01 0.02 0.02 

21 May 

2022 

159, 

160 
42 24 

Warm high pressure, 

anticyclonic flow around 

Bermuda high 
0.72 0.01 0.02 0.02 

31 May 

2022 
161 11 5 Postfrontal 0.19 0.01 0.01 0.02 

Overall  120 75  0.63 0.01 0.02 0.02 

Jun 

Bermuda 

02 June 

2022 

162, 

163 
4 3 Prefrontal 0.83 0.00 0.01 0.00 

03 June 

2022 
164 1 0 

Prefrontal, tropical system 

approaching from the 

southwest 
NaN NaN NaN NaN 

05 June 

2022 
165 29 26 

Could only fly in the morning 

due to approaching tropical 

cyclone (TC), TC departs 06 

June 2022. 

1.94 0.00 0.07 0.00 

07 June 

2022 
167 1 0 High behind departing TC NaN NaN NaN NaN 

08 June 

2022 

168, 

169 
2 1 

High pressure behind TC, 

African dust known to be in 

domain 
5.63 0.48 0.21 0.86 

10 June 

2022 
170 1 1 

High pressure, isolated 

thunderstorms, African dust 

known to be in domain 
2.28 0.00 0.06 0.00 
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11 June 

2022 

172, 

173 
20 12 

High pressure, African dust 

known to be in domain 0.63 0.08 0.02 0.18 

13 June 

2022 
174 25 23 

High pressure, African dust 

known to be in domain but 

sampled away from dust for 

contrast 

1.31 0.00 0.05 0.01 

Overall  83 66  1.32 0.01 0.05 0.01 

1Davis et al. (1997)  132 
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Table S8. Dates, quantity of samples, meteorological conditions, and derived contributions of sea 133 

salt, dust, and combustion emissions to bulk PILS Na+ (ssNa+, Na+
dust, and Na+

comb, respectively) 134 

and K+ (ssK+, K+
dust, and K+

comb, respectively) for RFs considered in each category. Combustion 135 

emissions are assumed to not be a source of Ca2+, so only contributions of sea salt and dust to bulk 136 

PILS Ca2+ mass concentrations are reported (ssCa2+ and Ca2+
dust, respectively). Here, agricultural 137 

burning of herbaceous crop residue is considered as the only combustion process contributing to 138 

Na+
comb and K+

comb. “N PILS samples” refers to the total number of PILS samples collected during 139 

clear conditions on the date indicated, while “N samples w/ derived species” refers to the number 140 

of these samples providing enough information to solve Eqs. 6 – 13 (i.e., samples providing mass 141 

concentrations of Na+
bulk, Ca2+

bulk, and K+
bulk). 142 

Category Date RF(s) 
N PILS 

samples 

N 

samples 

w/ 

derived 

species 

Meteorological 

conditions 

and/or relevant 

notes 

Median 

ssNa+ 

(µg m-3) 

Median 

Na+
dust 

(µg m-3) 

Median 

Na+
comb 

(µg m-3) 

Median 

ssCa2+ 

(µg m-3) 

Median 

Ca2+
dust 

(µg m-3) 

Median 

ssK+ 

(µg m-3) 

Median 

K+
dust 

(µg m-3) 

Median 

K+
comb 

(µg m-3) 

Dec-Feb 

30 

November 

2021 

94 7 1 
Remains of post-

frontal conditions 
0.00 0.16 0.00 0.00 0.41 0.00 0.06 0.00 

01 

December 

2021 

95 16 14 

Prefrontal, high 

pressure; smoke in 

boundary layer near 

coast 

0.08 0.23 0.00 0.00 0.48 0.00 0.05 0.00 

07 

December 

2021 

96 5 3 

Postfrontal, cold 

high pressure 

behind a strong 

cold front 

0.08 0.11 0.00 0.00 0.22 0.00 0.03 0.00 

11 

January 

2022 

100, 

101 
6 3 

Cold high pressure, 

cold air outbreak 

(CAO) conditions 
0.33 0.03 0.00 0.01 0.08 0.01 0.01 0.00 

12 

January 

2022 

102, 

103 
33 11 Cold high pressure 0.15 0.04 0.00 0.01 0.08 0.00 0.02 0.00 

15 

January 

2022 

104 3 2 Postfrontal 0.67 0.02 0.00 0.01 0.04 0.01 0.00 0.00 

18 

January 

2022 

105 11 0 

Low pressure 

moves offshore, 

sets up CAO 

conditions 

NaN NaN NaN NaN NaN NaN NaN NaN 

19 

January 

2022 

107, 

108 
26 6 

Short-lived high 

pressure 
0.28 0.04 0.00 0.01 0.07 0.01 0.05 0.06 

24 

January 

2022 

109, 

110 
26 9 

Postfrontal, weak 

high pressure 
0.17 0.04 0.00 0.00 0.07 0.01 0.05 0.02 

26 

January 

2022 

111, 

112 
20 7 Postfrontal 0.33 0.02 0.01 0.01 0.04 0.01 0.03 0.35 
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27 

January 

2022 

113, 

114 
18 4 Cold high pressure 0.28 0.00 0.00 0.01 0.00 0.01 0.00 0.00 

01 

February 

2022 

115 8 4 High pressure 1.08 0.01 0.00 0.02 0.03 0.02 0.00 0.00 

02 

February 

2022 

116 17 4 High pressure 0.74 0.00 0.00 0.02 0.01 0.03 0.00 0.02 

03 

February 

2022 

117, 

118 
15 4 High pressure 1.16 0.00 0.00 0.03 0.00 0.04 0.00 0.01 

15 

February 

2022 

120, 

121 
34 7 

Postfrontal 

conditions, cold 

high pressure 
0.11 0.04 0.00 0.00 0.13 0.00 0.02 0.00 

16 

February 

2022 

122, 

123 
21 10 Cold high pressure 0.13 0.06 0.00 0.00 0.12 0.00 0.04 0.00 

19 

February 

2022 

124, 

125 
38 18 Weak postfrontal 0.06 0.02 0.00 0.00 0.11 0.00 0.04 0.00 

22 

February 

2022 

126, 

127 
25 20 

Prefrontal, high 

pressure 
1.68 0.03 0.00 0.04 0.07 0.04 0.00 0.00 

26 

February 

2022 

128, 

129 
16 14 Postfrontal 0.10 0.02 0.00 0.00 0.05 0.00 0.04 0.00 

Overall  345 141  0.21 0.03 0.00 0.01 0.08 0.01 0.03 0.00 

Mar 

02 March 

2022 
130 39 30 

Postfrontal, high 

pressure 
0.27 0.08 0.00 0.01 0.17 0.00 0.02 0.00 

03 March 

2022 

131, 

132 
71 53 Weak prefrontal 0.74 0.12 0.00 0.03 0.26 0.03 0.04 0.00 

04 March 

2022 

133, 

134 
42 29 Cold high pressure 1.64 0.02 0.00 0.06 0.05 0.06 0.01 0.00 

13 March 

2022 
138 8 2 

Postfrontal, CAO 

conditions 
0.00 0.11 0.00 0.00 0.59 0.00 0.08 0.00 

14 March 

2022 

139, 

140 
38 32 

Late postfrontal, 

cold high pressure; 

smoke plume 

sampled from a 

woodland fire 

0.08 0.03 0.00 0.00 0.05 0.00 0.04 0.01 

18 March 

2022 
141 14 12 Weak postfrontal 0.12 0.02 0.00 0.00 0.03 0.00 0.03 0.07 

26 March 

2022 

144, 

145 
29 15 

Postfrontal; 

sampled dust, 

smoke, and 

potentially pollen 

0.02 0.02 0.00 0.00 0.05 0.00 0.04 0.01 

28 March 

2022 
146 17 10 Postfrontal 0.02 0.03 0.00 0.00 0.05 0.00 0.05 0.00 



 

22 

 

29 March 

2022 

147, 

148 
19 4 

Postfrontal, high 

pressure, CAO 

conditions 
0.09 0.08 0.00 0.00 0.16 0.00 0.05 0.02 

Overall  277 187  0.22 0.05 0.00 0.01 0.12 0.01 0.03 0.00 

May 

03 May 

2022 
149 15 10 

Weak prefrontal; 

presence of smoke 

potentially from 

New Mexico 

0.37 0.08 0.00 0.01 0.14 0.01 0.05 0.00 

05 May 

2022 

150, 

151 
18 9 Postfrontal 0.03 0.02 0.00 0.00 0.04 0.00 0.02 0.00 

16 May 

2022 

153, 

154 
39 5 

Prefrontal to an 

approaching cold 

front yet also 

postfrontal to a 

departing band of 

precipitation 

0.12 0.16 0.00 0.00 0.31 0.00 0.03 0.00 

17 May 

2022 
155 37 2 Postfrontal 0.06 0.00 0.00 0.00 0.01 0.00 0.01 0.00 

20 May 

2022 
158 28 19 

Warm high 

pressure, southerly 

flow due to 

Bermuda high2; 

haze with potential 

sampling of 

bioaerosol 

2.19 0.01 0.00 0.08 0.06 0.05 0.00 0.00 

Overall  137 45  0.39 0.02 0.00 0.01 0.08 0.01 0.01 0.00 

Mar 

transit 

22 March 

2022 

142, 

143 
48 47 

High pressure, two 

days after a cold 

front and two days 

before another cold 

front 

0.74 0.04 0.00 0.03 0.10 0.01 0.06 0.00 

May 

transit 

18 May 

2022 

156, 

157 
67 23 

Postfrontal along 

East Coast, aircraft 

passed across the 

cold front on the 

way to Bermuda 

1.10 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

21 May 

2022 

159, 

160 
42 14 

Warm high 

pressure, 

anticyclonic flow 

around Bermuda 

high 

1.14 0.00 0.00 0.04 0.01 0.03 0.00 0.00 

31 May 

2022 
161 11 1 Postfrontal 0.18 0.01 0.01 0.01 0.02 0.01 0.02 0.20 

Overall  120 38  1.07 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

Jun 

Bermuda 

02 June 

2022 

162, 

163 
4 1 Prefrontal 0.83 0.00 0.00 0.03 0.00 0.03 0.00 0.13 

03 June 

2022 
164 1 0 

Prefrontal, tropical 

system approaching 

from the southwest 
NaN NaN NaN NaN NaN NaN NaN NaN 

05 June 

2022 
165 29 24 

Could only fly in 

the morning due to 

approaching 

tropical cyclone 

1.97 0.00 0.00 0.07 0.00 0.06 0.00 0.00 



 

23 

 

(TC), TC departs 

06 June 2022. 

07 June 

2022 
167 1 0 

High behind 

departing TC 
NaN NaN NaN NaN NaN NaN NaN NaN 

08 June 

2022 

168, 

169 
2 1 

High pressure 

behind TC, African 

dust known to be in 

domain 

5.56 0.47 0.09 0.21 0.86 0.20 0.86 1.97 

10 June 

2022 
170 1 1 

High pressure, 

isolated 

thunderstorms, 

African dust known 

to be in domain 

2.28 0.00 0.00 0.06 0.00 0.01 0.00 0.00 

11 June 

2022 

172, 

173 
20 7 

High pressure, 

African dust known 

to be in domain 
0.78 0.10 0.00 0.03 0.20 0.02 0.02 0.00 

13 June 

2022 
174 25 17 

High pressure, 

African dust known 

to be in domain but 

sampled away from 

dust for contrast 

1.31 0.00 0.00 0.05 0.00 0.04 0.00 0.00 

Overall  83 51  1.38 0.00 0.00 0.05 0.01 0.04 0.00 0.00 

1Davis et al. (1997)  143 
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Table S9. Same as Table S8, except forest fire burning of pinion and juniper trees is considered 144 

as the only combustion process contributing to Na+
comb and K+

comb. 145 

Category Date RF(s) 
N PILS 

samples 

N 

samples 

w/ 

derived 

species 

Meteorological 

conditions 

and/or relevant 

notes 

Median 

ssNa+ 

(µg m-3) 

Median 

Na+
dust 

(µg m-3) 

Median 

Na+
comb 

(µg m-3) 

Median 

ssCa2+ 

(µg m-3) 

Median 

Ca2+
dust 

(µg m-3) 

Median 

ssK+ 

(µg m-3) 

Median 

K+
dust 

(µg m-3) 

Median 

K+
comb 

(µg m-3) 

Dec-Feb 

30 

November 

2021 

94 7 1 
Remains of post-

frontal conditions 
0.00 0.16 0.00 0.00 0.41 0.00 0.06 0.00 

01 

December 

2021 

95 16 14 

Prefrontal, high 

pressure; smoke in 

boundary layer near 

coast 

0.11 0.21 0.00 0.00 0.48 0.00 0.05 0.00 

07 

December 

2021 

96 5 3 

Postfrontal, cold 

high pressure 

behind a strong 

cold front 

0.09 0.10 0.00 0.00 0.22 0.00 0.03 0.00 

11 

January 

2022 

100, 

101 
6 3 

Cold high pressure, 

cold air outbreak 

(CAO) conditions 
0.34 0.03 0.00 0.01 0.08 0.01 0.01 0.00 

12 

January 

2022 

102, 

103 
33 11 Cold high pressure 0.16 0.04 0.00 0.01 0.08 0.00 0.02 0.00 

15 

January 

2022 

104 3 2 Postfrontal 0.67 0.02 0.00 0.01 0.04 0.01 0.00 0.00 

18 

January 

2022 

105 11 0 

Low pressure 

moves offshore, 

sets up CAO 

conditions 

NaN NaN NaN NaN NaN NaN NaN NaN 

19 

January 

2022 

107, 

108 
26 6 

Short-lived high 

pressure 
0.27 0.04 0.01 0.01 0.07 0.01 0.05 0.06 

24 

January 

2022 

109, 

110 
26 9 

Postfrontal, weak 

high pressure 
0.19 0.04 0.00 0.00 0.07 0.01 0.05 0.02 

26 

January 

2022 

111, 

112 
20 7 Postfrontal 0.32 0.02 0.04 0.01 0.04 0.01 0.03 0.35 

27 

January 

2022 

113, 

114 
18 4 Cold high pressure 0.28 0.00 0.00 0.01 0.00 0.01 0.00 0.00 

01 

February 

2022 

115 8 4 High pressure 1.09 0.01 0.00 0.02 0.03 0.02 0.00 0.00 

02 

February 

2022 

116 17 4 High pressure 0.74 0.00 0.00 0.02 0.01 0.03 0.00 0.02 



 

25 

 

03 

February 

2022 

117, 

118 
15 4 High pressure 1.16 0.00 0.00 0.03 0.00 0.04 0.00 0.01 

15 

February 

2022 

120, 

121 
34 7 

Postfrontal 

conditions, cold 

high pressure 
0.15 0.04 0.00 0.01 0.13 0.01 0.02 0.00 

16 

February 

2022 

122, 

123 
21 10 Cold high pressure 0.14 0.05 0.00 0.01 0.12 0.00 0.04 0.00 

19 

February 

2022 

124, 

125 
38 18 Weak postfrontal 0.06 0.02 0.00 0.00 0.11 0.00 0.04 0.00 

22 

February 

2022 

126, 

127 
25 20 

Prefrontal, high 

pressure 
1.69 0.03 0.00 0.04 0.07 0.04 0.00 0.00 

26 

February 

2022 

128, 

129 
16 14 Postfrontal 0.10 0.02 0.00 0.00 0.05 0.00 0.04 0.00 

Overall  345 141  0.21 0.03 0.00 0.01 0.08 0.01 0.03 0.00 

Mar 

02 March 

2022 
130 39 30 

Postfrontal, high 

pressure 
0.27 0.07 0.00 0.01 0.17 0.00 0.02 0.00 

03 March 

2022 

131, 

132 
71 53 Weak prefrontal 0.76 0.11 0.00 0.03 0.26 0.03 0.04 0.00 

04 March 

2022 

133, 

134 
42 29 Cold high pressure 1.65 0.01 0.00 0.06 0.05 0.06 0.01 0.00 

13 March 

2022 
138 8 2 

Postfrontal, CAO 

conditions 
0.00 0.11 0.00 0.00 0.59 0.00 0.08 0.00 

14 March 

2022 

139, 

140 
38 32 

Late postfrontal, 

cold high pressure; 

smoke plume 

sampled from a 

woodland fire 

0.08 0.03 0.00 0.00 0.05 0.00 0.04 0.01 

18 March 

2022 
141 14 12 Weak postfrontal 0.12 0.02 0.01 0.00 0.03 0.00 0.03 0.07 

26 March 

2022 

144, 

145 
29 15 

Postfrontal; 

sampled dust, 

smoke, and 

potentially pollen 

0.02 0.02 0.00 0.00 0.05 0.00 0.04 0.01 

28 March 

2022 
146 17 10 Postfrontal 0.01 0.03 0.00 0.00 0.05 0.00 0.05 0.00 

29 March 

2022 

147, 

148 
19 4 

Postfrontal, high 

pressure, CAO 

conditions 
0.09 0.08 0.00 0.00 0.16 0.00 0.05 0.02 

Overall  277 187  0.23 0.05 0.00 0.01 0.12 0.01 0.03 0.00 

May 
03 May 

2022 
149 15 10 

Weak prefrontal; 

presence of smoke 

potentially from 

New Mexico 

0.38 0.07 0.00 0.01 0.14 0.01 0.05 0.00 



 

26 

 

05 May 

2022 

150, 

151 
18 9 Postfrontal 0.03 0.02 0.00 0.00 0.04 0.00 0.02 0.00 

16 May 

2022 

153, 

154 
39 5 

Prefrontal to an 

approaching cold 

front yet also 

postfrontal to a 

departing band of 

precipitation 

0.13 0.15 0.00 0.00 0.31 0.00 0.03 0.00 

17 May 

2022 
155 37 2 Postfrontal 0.06 0.00 0.00 0.00 0.01 0.00 0.01 0.00 

20 May 

2022 
158 28 19 

Warm high 

pressure, southerly 

flow due to 

Bermuda high2; 

haze with potential 

sampling of 

bioaerosol 

2.21 0.00 0.00 0.08 0.06 0.06 0.00 0.00 

Overall  137 45  0.41 0.02 0.00 0.01 0.08 0.01 0.01 0.00 

Mar 

transit 

22 March 

2022 

142, 

143 
48 47 

High pressure, two 

days after a cold 

front and two days 

before another cold 

front 

0.75 0.04 0.00 0.03 0.10 0.01 0.06 0.00 

May 

transit 

18 May 

2022 

156, 

157 
67 23 

Postfrontal along 

East Coast, aircraft 

passed across the 

cold front on the 

way to Bermuda 

1.11 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

21 May 

2022 

159, 

160 
42 14 

Warm high 

pressure, 

anticyclonic flow 

around Bermuda 

high 

1.14 0.00 0.00 0.04 0.01 0.03 0.00 0.00 

31 May 

2022 
161 11 1 Postfrontal 0.17 0.01 0.02 0.01 0.02 0.01 0.02 0.20 

Overall  120 38  1.08 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

Jun 

Bermuda 

02 June 

2022 

162, 

163 
4 1 Prefrontal 0.82 0.00 0.01 0.03 0.00 0.03 0.00 0.13 

03 June 

2022 
164 1 0 

Prefrontal, tropical 

system approaching 

from the southwest 
NaN NaN NaN NaN NaN NaN NaN NaN 

05 June 

2022 
165 29 24 

Could only fly in 

the morning due to 

approaching 

tropical cyclone 

(TC), TC departs 

06 June 2022. 

1.97 0.00 0.00 0.07 0.00 0.06 0.00 0.00 

07 June 

2022 
167 1 0 

High behind 

departing TC 
NaN NaN NaN NaN NaN NaN NaN NaN 

08 June 

2022 

168, 

169 
2 1 

High pressure 

behind TC, African 

dust known to be in 

domain 

5.47 0.45 0.20 0.21 0.87 0.20 0.87 1.97 



 

27 

 

10 June 

2022 
170 1 1 

High pressure, 

isolated 

thunderstorms, 

African dust known 

to be in domain 

2.28 0.00 0.00 0.06 0.00 0.01 0.00 0.00 

11 June 

2022 

172, 

173 
20 7 

High pressure, 

African dust known 

to be in domain 
0.80 0.09 0.00 0.03 0.20 0.02 0.01 0.00 

13 June 

2022 
174 25 17 

High pressure, 

African dust known 

to be in domain but 

sampled away from 

dust for contrast 

1.32 0.00 0.00 0.05 0.00 0.04 0.00 0.00 

Overall  83 51  1.38 0.00 0.00 0.05 0.01 0.04 0.00 0.00 

1Davis et al. (1997)  146 
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Table S10. Same as Table S8, except industrial operations (i.e., those at steel mills and cement 147 

plants) are considered as the only combustion process contributing to Na+
comb and K+

comb. 148 

Category Date RF(s) 
N PILS 

samples 

N 

samples 

w/ 

derived 

species 

Meteorological 

conditions 

and/or relevant 

notes 

Median 

ssNa+ 

(µg m-3) 

Median 

Na+
dust 

(µg m-3) 

Median 

Na+
comb 

(µg m-3) 

Median 

ssCa2+ 

(µg m-3) 

Median 

Ca2+
dust 

(µg m-3) 

Median 

ssK+ 

(µg m-3) 

Median 

K+
dust 

(µg m-3) 

Median 

K+
comb 

(µg m-3) 

Dec-Feb 

30 

November 

2021 

94 7 1 
Remains of post-

frontal conditions 
0.01 0.14 0.00 0.00 0.41 0.00 0.06 0.00 

01 

December 

2021 

95 16 14 

Prefrontal, high 

pressure; smoke in 

boundary layer near 

coast 

0.18 0.16 0.00 0.01 0.48 0.01 0.05 0.00 

07 

December 

2021 

96 5 3 

Postfrontal, cold 

high pressure 

behind a strong 

cold front 

0.12 0.07 0.00 0.00 0.22 0.00 0.02 0.00 

11 

January 

2022 

100, 

101 
6 3 

Cold high pressure, 

cold air outbreak 

(CAO) conditions 
0.35 0.03 0.00 0.01 0.08 0.01 0.01 0.00 

12 

January 

2022 

102, 

103 
33 11 Cold high pressure 0.16 0.03 0.00 0.01 0.08 0.00 0.02 0.00 

15 

January 

2022 

104 3 2 Postfrontal 0.68 0.01 0.00 0.01 0.04 0.01 0.00 0.00 

18 

January 

2022 

105 11 0 

Low pressure 

moves offshore, 

sets up CAO 

conditions 

NaN NaN NaN NaN NaN NaN NaN NaN 

19 

January 

2022 

107, 

108 
26 6 

Short-lived high 

pressure 
0.26 0.03 0.02 0.01 0.07 0.01 0.05 0.06 

24 

January 

2022 

109, 

110 
26 9 

Postfrontal, weak 

high pressure 
0.22 0.04 0.00 0.00 0.08 0.01 0.05 0.02 

26 

January 

2022 

111, 

112 
20 7 Postfrontal 0.27 0.01 0.09 0.01 0.04 0.01 0.04 0.35 

27 

January 

2022 

113, 

114 
18 4 Cold high pressure 0.28 0.00 0.00 0.01 0.00 0.01 0.00 0.00 

01 

February 

2022 

115 8 4 High pressure 1.10 0.00 0.00 0.02 0.03 0.02 0.00 0.00 

02 

February 

2022 

116 17 4 High pressure 0.75 0.00 0.00 0.02 0.01 0.03 0.00 0.02 



 

29 

 

03 

February 

2022 

117, 

118 
15 4 High pressure 1.16 0.00 0.00 0.03 0.00 0.04 0.00 0.01 

15 

February 

2022 

120, 

121 
34 7 

Postfrontal 

conditions, cold 

high pressure 
0.23 0.04 0.00 0.01 0.13 0.01 0.01 0.00 

16 

February 

2022 

122, 

123 
21 10 Cold high pressure 0.15 0.04 0.00 0.01 0.12 0.00 0.04 0.00 

19 

February 

2022 

124, 

125 
38 18 Weak postfrontal 0.06 0.02 0.00 0.00 0.11 0.00 0.04 0.00 

22 

February 

2022 

126, 

127 
25 20 

Prefrontal, high 

pressure 
1.73 0.00 0.00 0.05 0.07 0.04 0.00 0.00 

26 

February 

2022 

128, 

129 
16 14 Postfrontal 0.09 0.02 0.00 0.00 0.05 0.00 0.04 0.00 

Overall  345 141  0.23 0.02 0.00 0.01 0.08 0.01 0.03 0.00 

Mar 

02 March 

2022 
130 39 30 

Postfrontal, high 

pressure 
0.29 0.04 0.00 0.01 0.17 0.00 0.02 0.00 

03 March 

2022 

131, 

132 
71 53 Weak prefrontal 0.81 0.07 0.00 0.03 0.26 0.03 0.04 0.00 

04 March 

2022 

133, 

134 
42 29 Cold high pressure 1.66 0.00 0.00 0.06 0.05 0.06 0.01 0.00 

13 March 

2022 
138 8 2 

Postfrontal, CAO 

conditions 
0.00 0.11 0.00 0.00 0.59 0.00 0.08 0.00 

14 March 

2022 

139, 

140 
38 32 

Late postfrontal, 

cold high pressure; 

smoke plume 

sampled from a 

woodland fire 

0.09 0.03 0.00 0.00 0.05 0.00 0.04 0.01 

18 March 

2022 
141 14 12 Weak postfrontal 0.11 0.02 0.02 0.00 0.03 0.00 0.03 0.07 

26 March 

2022 

144, 

145 
29 15 

Postfrontal; 

sampled dust, 

smoke, and 

potentially pollen 

0.02 0.02 0.00 0.00 0.05 0.00 0.04 0.01 

28 March 

2022 
146 17 10 Postfrontal 0.01 0.03 0.00 0.00 0.05 0.00 0.05 0.00 

29 March 

2022 

147, 

148 
19 4 

Postfrontal, high 

pressure, CAO 

conditions 
0.10 0.07 0.01 0.00 0.16 0.00 0.05 0.02 

Overall  277 187  0.22 0.03 0.00 0.01 0.12 0.01 0.03 0.00 

May 
03 May 

2022 
149 15 10 

Weak prefrontal; 

presence of smoke 

potentially from 

New Mexico 

0.41 0.06 0.00 0.01 0.14 0.01 0.05 0.00 



 

30 

 

05 May 

2022 

150, 

151 
18 9 Postfrontal 0.03 0.02 0.00 0.00 0.04 0.00 0.03 0.00 

16 May 

2022 

153, 

154 
39 5 

Prefrontal to an 

approaching cold 

front yet also 

postfrontal to a 

departing band of 

precipitation 

0.16 0.10 0.00 0.01 0.31 0.01 0.03 0.00 

17 May 

2022 
155 37 2 Postfrontal 0.06 0.00 0.00 0.00 0.01 0.00 0.01 0.00 

20 May 

2022 
158 28 19 

Warm high 

pressure, southerly 

flow due to 

Bermuda high2; 

haze with potential 

sampling of 

bioaerosol 

2.24 0.00 0.00 0.08 0.06 0.06 0.00 0.00 

Overall  137 45  0.45 0.01 0.00 0.01 0.08 0.01 0.01 0.00 

Mar 

transit 

22 March 

2022 

142, 

143 
48 47 

High pressure, two 

days after a cold 

front and two days 

before another cold 

front 

0.77 0.02 0.00 0.03 0.10 0.01 0.06 0.00 

May 

transit 

18 May 

2022 

156, 

157 
67 23 

Postfrontal along 

East Coast, aircraft 

passed across the 

cold front on the 

way to Bermuda 

1.11 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

21 May 

2022 

159, 

160 
42 14 

Warm high 

pressure, 

anticyclonic flow 

around Bermuda 

high 

1.14 0.00 0.00 0.04 0.01 0.03 0.00 0.00 

31 May 

2022 
161 11 1 Postfrontal 0.14 0.01 0.05 0.01 0.02 0.01 0.02 0.20 

Overall  120 38  1.08 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

Jun 

Bermuda 

02 June 

2022 

162, 

163 
4 1 Prefrontal 0.81 0.00 0.02 0.03 0.00 0.03 0.00 0.13 

03 June 

2022 
164 1 0 

Prefrontal, tropical 

system approaching 

from the southwest 
NaN NaN NaN NaN NaN NaN NaN NaN 

05 June 

2022 
165 29 24 

Could only fly in 

the morning due to 

approaching 

tropical cyclone 

(TC), TC departs 

06 June 2022. 

1.97 0.00 0.00 0.07 0.00 0.06 0.00 0.00 

07 June 

2022 
167 1 0 

High behind 

departing TC 
NaN NaN NaN NaN NaN NaN NaN NaN 

08 June 

2022 

168, 

169 
2 1 

High pressure 

behind TC, African 

dust known to be in 

domain 

5.24 0.39 0.48 0.20 0.88 0.19 0.88 1.97 



 

31 

 

10 June 

2022 
170 1 1 

High pressure, 

isolated 

thunderstorms, 

African dust known 

to be in domain 

2.28 0.00 0.00 0.06 0.00 0.01 0.00 0.00 

11 June 

2022 

172, 

173 
20 7 

High pressure, 

African dust known 

to be in domain 
0.83 0.06 0.00 0.03 0.20 0.02 0.01 0.00 

13 June 

2022 
174 25 17 

High pressure, 

African dust known 

to be in domain but 

sampled away from 

dust for contrast 

1.35 0.00 0.00 0.05 0.00 0.04 0.00 0.00 

Overall  83 51  1.38 0.00 0.00 0.05 0.01 0.04 0.00 0.00 

1Davis et al. (1997)  149 
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Table S11. Same as Table S8, except inefficient batch combustion in a sauna stove is considered 150 

as the only combustion process contributing to Na+
comb and K+

comb. 151 

Category Date RF(s) 
N PILS 

samples 

N 

samples 

w/ 

derived 

species 

Meteorological 

conditions 

and/or relevant 

notes 

Median 

ssNa+ 

(µg m-3) 

Median 

Na+
dust 

(µg m-3) 

Median 

Na+
comb 

(µg m-3) 

Median 

ssCa2+ 

(µg m-3) 

Median 

Ca2+
dust 

(µg m-3) 

Median 

ssK+ 

(µg m-3) 

Median 

K+
dust 

(µg m-3) 

Median 

K+
comb 

(µg m-3) 

Dec-Feb 

30 

November 

2021 

94 7 1 
Remains of post-

frontal conditions 
0.16 0.00 0.00 0.01 0.40 0.01 0.06 0.00 

01 

December 

2021 

95 16 14 

Prefrontal, high 

pressure; smoke in 

boundary layer near 

coast 

0.35 0.00 0.00 0.01 0.47 0.01 0.05 0.00 

07 

December 

2021 

96 5 3 

Postfrontal, cold 

high pressure 

behind a strong 

cold front 

0.19 0.00 0.00 0.01 0.22 0.01 0.02 0.00 

11 

January 

2022 

100, 

101 
6 3 

Cold high pressure, 

cold air outbreak 

(CAO) conditions 
0.36 0.00 0.00 0.01 0.08 0.01 0.01 0.00 

12 

January 

2022 

102, 

103 
33 11 Cold high pressure 0.21 0.00 0.00 0.01 0.08 0.00 0.02 0.00 

15 

January 

2022 

104 3 2 Postfrontal 0.69 0.00 0.00 0.01 0.04 0.01 0.00 0.00 

18 

January 

2022 

105 11 0 

Low pressure 

moves offshore, 

sets up CAO 

conditions 

NaN NaN NaN NaN NaN NaN NaN NaN 

19 

January 

2022 

107, 

108 
26 6 

Short-lived high 

pressure 
0.22 0.02 0.05 0.01 0.07 0.01 0.06 0.06 

24 

January 

2022 

109, 

110 
26 9 

Postfrontal, weak 

high pressure 
0.07 0.00 0.01 0.00 0.09 0.00 0.05 0.02 

26 

January 

2022 

111, 

112 
20 7 Postfrontal 0.12 0.00 0.27 0.00 0.04 0.00 0.04 0.35 

27 

January 

2022 

113, 

114 
18 4 Cold high pressure 0.28 0.00 0.00 0.01 0.00 0.01 0.00 0.00 

01 

February 

2022 

115 8 4 High pressure 1.10 0.00 0.00 0.02 0.03 0.02 0.00 0.00 

02 

February 

2022 

116 17 4 High pressure 0.74 0.00 0.00 0.02 0.01 0.03 0.00 0.02 
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03 

February 

2022 

117, 

118 
15 4 High pressure 1.16 0.00 0.00 0.03 0.00 0.04 0.00 0.01 

15 

February 

2022 

120, 

121 
34 7 

Postfrontal 

conditions, cold 

high pressure 
0.31 0.00 0.00 0.01 0.13 0.01 0.01 0.00 

16 

February 

2022 

122, 

123 
21 10 Cold high pressure 0.23 0.00 0.00 0.01 0.12 0.01 0.03 0.00 

19 

February 

2022 

124, 

125 
38 18 Weak postfrontal 0.08 0.01 0.00 0.00 0.11 0.00 0.04 0.00 

22 

February 

2022 

126, 

127 
25 20 

Prefrontal, high 

pressure 
1.73 0.00 0.00 0.05 0.07 0.04 0.00 0.00 

26 

February 

2022 

128, 

129 
16 14 Postfrontal 0.10 0.01 0.00 0.00 0.05 0.00 0.04 0.00 

Overall  345 141  0.24 0.00 0.00 0.01 0.08 0.01 0.02 0.00 

Mar 

02 March 

2022 
130 39 30 

Postfrontal, high 

pressure 
0.31 0.00 0.00 0.01 0.17 0.01 0.01 0.00 

03 March 

2022 

131, 

132 
71 53 Weak prefrontal 0.86 0.00 0.00 0.03 0.26 0.03 0.03 0.00 

04 March 

2022 

133, 

134 
42 29 Cold high pressure 1.51 0.00 0.00 0.05 0.05 0.05 0.01 0.00 

13 March 

2022 
138 8 2 

Postfrontal, CAO 

conditions 
0.11 0.00 0.00 0.00 0.59 0.00 0.08 0.00 

14 March 

2022 

139, 

140 
38 32 

Late postfrontal, 

cold high pressure; 

smoke plume 

sampled from a 

woodland fire 

0.08 0.01 0.01 0.00 0.06 0.00 0.04 0.01 

18 March 

2022 
141 14 12 Weak postfrontal 0.10 0.01 0.05 0.00 0.04 0.00 0.04 0.07 

26 March 

2022 

144, 

145 
29 15 

Postfrontal; 

sampled dust, 

smoke, and 

potentially pollen 

0.03 0.02 0.01 0.00 0.05 0.00 0.04 0.01 

28 March 

2022 
146 17 10 Postfrontal 0.05 0.00 0.00 0.00 0.05 0.00 0.04 0.00 

29 March 

2022 

147, 

148 
19 4 

Postfrontal, high 

pressure, CAO 

conditions 
0.12 0.03 0.02 0.00 0.15 0.00 0.05 0.02 

Overall  277 187  0.25 0.00 0.00 0.01 0.12 0.01 0.03 0.00 

May 
03 May 

2022 
149 15 10 

Weak prefrontal; 

presence of smoke 

potentially from 

New Mexico 

0.43 0.00 0.00 0.01 0.14 0.02 0.05 0.00 
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05 May 

2022 

150, 

151 
18 9 Postfrontal 0.02 0.00 0.00 0.00 0.05 0.00 0.03 0.00 

16 May 

2022 

153, 

154 
39 5 

Prefrontal to an 

approaching cold 

front yet also 

postfrontal to a 

departing band of 

precipitation 

0.26 0.00 0.00 0.01 0.31 0.01 0.02 0.00 

17 May 

2022 
155 37 2 Postfrontal 0.06 0.00 0.00 0.00 0.01 0.00 0.01 0.00 

20 May 

2022 
158 28 19 

Warm high 

pressure, southerly 

flow due to 

Bermuda high2; 

haze with potential 

sampling of 

bioaerosol 

2.24 0.00 0.00 0.08 0.06 0.06 0.00 0.00 

Overall  137 45  0.45 0.00 0.00 0.02 0.08 0.01 0.01 0.00 

Mar 

transit 

22 March 

2022 

142, 

143 
48 47 

High pressure, two 

days after a cold 

front and two days 

before another cold 

front 

0.72 0.00 0.00 0.03 0.10 0.02 0.05 0.00 

May 

transit 

18 May 

2022 

156, 

157 
67 23 

Postfrontal along 

East Coast, aircraft 

passed across the 

cold front on the 

way to Bermuda 

1.11 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

21 May 

2022 

159, 

160 
42 14 

Warm high 

pressure, 

anticyclonic flow 

around Bermuda 

high 

1.14 0.00 0.00 0.04 0.01 0.03 0.00 0.00 

31 May 

2022 
161 11 1 Postfrontal 0.04 0.01 0.15 0.00 0.02 0.00 0.02 0.20 

Overall  120 38  1.08 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

Jun 

Bermuda 

02 June 

2022 

162, 

163 
4 1 Prefrontal 0.77 0.00 0.05 0.03 0.00 0.03 0.00 0.13 

03 June 

2022 
164 1 0 

Prefrontal, tropical 

system approaching 

from the southwest 
NaN NaN NaN NaN NaN NaN NaN NaN 

05 June 

2022 
165 29 24 

Could only fly in 

the morning due to 

approaching 

tropical cyclone 

(TC), TC departs 

06 June 2022. 

1.97 0.00 0.00 0.07 0.00 0.06 0.00 0.00 

07 June 

2022 
167 1 0 

High behind 

departing TC 
NaN NaN NaN NaN NaN NaN NaN NaN 

08 June 

2022 

168, 

169 
2 1 

High pressure 

behind TC, African 

dust known to be in 

domain 

4.37 0.26 1.48 0.17 0.91 0.16 0.91 1.97 
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10 June 

2022 
170 1 1 

High pressure, 

isolated 

thunderstorms, 

African dust known 

to be in domain 

2.28 0.00 0.00 0.06 0.00 0.01 0.00 0.00 

11 June 

2022 

172, 

173 
20 7 

High pressure, 

African dust known 

to be in domain 
0.89 0.00 0.00 0.03 0.19 0.03 0.01 0.00 

13 June 

2022 
174 25 17 

High pressure, 

African dust known 

to be in domain but 

sampled away from 

dust for contrast 

1.38 0.00 0.00 0.05 0.00 0.04 0.00 0.00 

Overall  83 51  1.42 0.00 0.00 0.05 0.01 0.04 0.00 0.00 

1Davis et al. (1997)  152 
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Table S12. Same as Table S8, except fossil fuel combustion by motor vehicles is considered as 153 

the only combustion process contributing to Na+
comb and K+

comb. 154 

Category Date RF(s) 
N PILS 

samples 

N 

samples 

w/ 

derived 

species 

Meteorological 

conditions 

and/or relevant 

notes 

Median 

ssNa+ 

(µg m-3) 

Median 

Na+
dust 

(µg m-3) 

Median 

Na+
comb 

(µg m-3) 

Median 

ssCa2+ 

(µg m-3) 

Median 

Ca2+
dust 

(µg m-3) 

Median 

ssK+ 

(µg m-3) 

Median 

K+
dust 

(µg m-3) 

Median 

K+
comb 

(µg m-3) 

Dec-Feb 

30 

November 

2021 

94 7 1 
Remains of post-

frontal conditions 
0.16 0.00 0.00 0.01 0.40 0.01 0.06 0.00 

01 

December 

2021 

95 16 14 

Prefrontal, high 

pressure; smoke in 

boundary layer near 

coast 

0.35 0.00 0.00 0.01 0.47 0.01 0.05 0.00 

07 

December 

2021 

96 5 3 

Postfrontal, cold 

high pressure 

behind a strong 

cold front 

0.19 0.00 0.00 0.01 0.22 0.01 0.02 0.00 

11 

January 

2022 

100, 

101 
6 3 

Cold high pressure, 

cold air outbreak 

(CAO) conditions 
0.36 0.00 0.00 0.01 0.08 0.01 0.01 0.00 

12 

January 

2022 

102, 

103 
33 11 Cold high pressure 0.21 0.00 0.00 0.01 0.08 0.00 0.02 0.00 

15 

January 

2022 

104 3 2 Postfrontal 0.69 0.00 0.00 0.01 0.04 0.01 0.00 0.00 

18 

January 

2022 

105 11 0 

Low pressure 

moves offshore, 

sets up CAO 

conditions 

NaN NaN NaN NaN NaN NaN NaN NaN 

19 

January 

2022 

107, 

108 
26 6 

Short-lived high 

pressure 
0.21 0.01 0.05 0.01 0.07 0.01 0.06 0.06 

24 

January 

2022 

109, 

110 
26 9 

Postfrontal, weak 

high pressure 
0.07 0.00 0.02 0.00 0.09 0.00 0.05 0.02 

26 

January 

2022 

111, 

112 
20 7 Postfrontal 0.05 0.00 0.32 0.00 0.05 0.00 0.05 0.35 

27 

January 

2022 

113, 

114 
18 4 Cold high pressure 0.28 0.00 0.00 0.01 0.00 0.01 0.00 0.00 

01 

February 

2022 

115 8 4 High pressure 1.10 0.00 0.00 0.02 0.03 0.02 0.00 0.00 

02 

February 

2022 

116 17 4 High pressure 0.74 0.00 0.00 0.02 0.01 0.03 0.00 0.02 
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03 

February 

2022 

117, 

118 
15 4 High pressure 1.16 0.00 0.00 0.03 0.00 0.04 0.00 0.01 

15 

February 

2022 

120, 

121 
34 7 

Postfrontal 

conditions, cold 

high pressure 
0.31 0.00 0.00 0.01 0.13 0.01 0.01 0.00 

16 

February 

2022 

122, 

123 
21 10 Cold high pressure 0.22 0.00 0.00 0.01 0.12 0.01 0.03 0.00 

19 

February 

2022 

124, 

125 
38 18 Weak postfrontal 0.07 0.00 0.00 0.00 0.11 0.00 0.04 0.00 

22 

February 

2022 

126, 

127 
25 20 

Prefrontal, high 

pressure 
1.73 0.00 0.00 0.05 0.07 0.04 0.00 0.00 

26 

February 

2022 

128, 

129 
16 14 Postfrontal 0.10 0.00 0.00 0.00 0.05 0.00 0.04 0.00 

Overall  345 141  0.24 0.00 0.00 0.01 0.08 0.01 0.02 0.00 

Mar 

02 March 

2022 
130 39 30 

Postfrontal, high 

pressure 
0.29 0.00 0.00 0.01 0.17 0.01 0.01 0.00 

03 March 

2022 

131, 

132 
71 53 Weak prefrontal 0.86 0.00 0.00 0.03 0.26 0.03 0.03 0.00 

04 March 

2022 

133, 

134 
42 29 Cold high pressure 1.51 0.00 0.00 0.05 0.05 0.05 0.01 0.00 

13 March 

2022 
138 8 2 

Postfrontal, CAO 

conditions 
0.11 0.00 0.00 0.00 0.59 0.00 0.08 0.00 

14 March 

2022 

139, 

140 
38 32 

Late postfrontal, 

cold high pressure; 

smoke plume 

sampled from a 

woodland fire 

0.08 0.00 0.01 0.00 0.06 0.00 0.04 0.01 

18 March 

2022 
141 14 12 Weak postfrontal 0.08 0.01 0.06 0.00 0.04 0.00 0.04 0.07 

26 March 

2022 

144, 

145 
29 15 

Postfrontal; 

sampled dust, 

smoke, and 

potentially pollen 

0.04 0.02 0.01 0.00 0.05 0.00 0.04 0.01 

28 March 

2022 
146 17 10 Postfrontal 0.05 0.00 0.00 0.00 0.05 0.00 0.04 0.00 

29 March 

2022 

147, 

148 
19 4 

Postfrontal, high 

pressure, CAO 

conditions 
0.13 0.02 0.02 0.00 0.15 0.00 0.05 0.02 

Overall  277 187  0.25 0.00 0.00 0.01 0.12 0.01 0.03 0.00 

May 
03 May 

2022 
149 15 10 

Weak prefrontal; 

presence of smoke 

potentially from 

New Mexico 

0.40 0.00 0.00 0.01 0.14 0.01 0.05 0.00 
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05 May 

2022 

150, 

151 
18 9 Postfrontal 0.02 0.00 0.00 0.00 0.05 0.00 0.03 0.00 

16 May 

2022 

153, 

154 
39 5 

Prefrontal to an 

approaching cold 

front yet also 

postfrontal to a 

departing band of 

precipitation 

0.29 0.00 0.00 0.01 0.31 0.01 0.02 0.00 

17 May 

2022 
155 37 2 Postfrontal 0.06 0.00 0.00 0.00 0.01 0.00 0.01 0.00 

20 May 

2022 
158 28 19 

Warm high 

pressure, southerly 

flow due to 

Bermuda high2; 

haze with potential 

sampling of 

bioaerosol 

2.24 0.00 0.00 0.08 0.06 0.06 0.00 0.00 

Overall  137 45  0.42 0.00 0.00 0.01 0.08 0.01 0.01 0.00 

Mar 

transit 

22 March 

2022 

142, 

143 
48 47 

High pressure, two 

days after a cold 

front and two days 

before another cold 

front 

0.72 0.00 0.00 0.03 0.10 0.02 0.05 0.00 

May 

transit 

18 May 

2022 

156, 

157 
67 23 

Postfrontal along 

East Coast, aircraft 

passed across the 

cold front on the 

way to Bermuda 

1.11 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

21 May 

2022 

159, 

160 
42 14 

Warm high 

pressure, 

anticyclonic flow 

around Bermuda 

high 

1.14 0.00 0.00 0.04 0.01 0.03 0.00 0.00 

31 May 

2022 
161 11 1 Postfrontal 0.01 0.01 0.18 0.00 0.02 0.00 0.02 0.20 

Overall  120 38  1.08 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

Jun 

Bermuda 

02 June 

2022 

162, 

163 
4 1 Prefrontal 0.76 0.00 0.07 0.03 0.00 0.03 0.00 0.13 

03 June 

2022 
164 1 0 

Prefrontal, tropical 

system approaching 

from the southwest 
NaN NaN NaN NaN NaN NaN NaN NaN 

05 June 

2022 
165 29 24 

Could only fly in 

the morning due to 

approaching 

tropical cyclone 

(TC), TC departs 

06 June 2022. 

1.97 0.00 0.00 0.07 0.00 0.06 0.00 0.00 

07 June 

2022 
167 1 0 

High behind 

departing TC 
NaN NaN NaN NaN NaN NaN NaN NaN 

08 June 

2022 

168, 

169 
2 1 

High pressure 

behind TC, African 

dust known to be in 

domain 

4.09 0.23 1.79 0.16 0.92 0.15 0.92 1.97 
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10 June 

2022 
170 1 1 

High pressure, 

isolated 

thunderstorms, 

African dust known 

to be in domain 

2.28 0.00 0.00 0.06 0.00 0.01 0.00 0.00 

11 June 

2022 

172, 

173 
20 7 

High pressure, 

African dust known 

to be in domain 
0.89 0.00 0.00 0.03 0.19 0.03 0.01 0.00 

13 June 

2022 
174 25 17 

High pressure, 

African dust known 

to be in domain but 

sampled away from 

dust for contrast 

1.38 0.00 0.00 0.05 0.00 0.04 0.00 0.00 

Overall  83 51  1.42 0.00 0.00 0.05 0.01 0.04 0.00 0.00 

1Davis et al. (1997)  155 
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Table S13. Same as Table S8, except burning of pulverized western coal comprised of low sulfur 156 

(0.5%) and high ash (22%) at a coal-fired power plant is considered as the only combustion process 157 

contributing to Na+
comb and K+

comb. 158 

Category Date RF(s) 
N PILS 

samples 

N 

samples 

w/ 

derived 

species 

Meteorological 

conditions 

and/or relevant 

notes 

Median 

ssNa+ 

(µg m-3) 

Median 

Na+
dust 

(µg m-3) 

Median 

Na+
comb 

(µg m-3) 

Median 

ssCa2+ 

(µg m-3) 

Median 

Ca2+
dust 

(µg m-3) 

Median 

ssK+ 

(µg m-3) 

Median 

K+
dust 

(µg m-3) 

Median 

K+
comb 

(µg m-3) 

Dec-Feb 

30 

November 

2021 

94 7 1 
Remains of post-

frontal conditions 
0.16 0.00 0.00 0.01 0.40 0.01 0.06 0.00 

01 

December 

2021 

95 16 14 

Prefrontal, high 

pressure; smoke in 

boundary layer near 

coast 

0.35 0.00 0.00 0.01 0.47 0.01 0.05 0.00 

07 

December 

2021 

96 5 3 

Postfrontal, cold 

high pressure 

behind a strong 

cold front 

0.19 0.00 0.00 0.01 0.22 0.01 0.02 0.00 

11 

January 

2022 

100, 

101 
6 3 

Cold high pressure, 

cold air outbreak 

(CAO) conditions 
0.36 0.00 0.00 0.01 0.08 0.01 0.01 0.00 

12 

January 

2022 

102, 

103 
33 11 Cold high pressure 0.16 0.00 0.00 0.01 0.08 0.00 0.03 0.00 

15 

January 

2022 

104 3 2 Postfrontal 0.69 0.00 0.00 0.01 0.04 0.01 0.00 0.00 

18 

January 

2022 

105 11 0 

Low pressure 

moves offshore, 

sets up CAO 

conditions 

NaN NaN NaN NaN NaN NaN NaN NaN 

19 

January 

2022 

107, 

108 
26 6 

Short-lived high 

pressure 
0.00 0.01 0.19 0.00 0.07 0.00 0.06 0.06 

24 

January 

2022 

109, 

110 
26 9 

Postfrontal, weak 

high pressure 
0.07 0.00 0.06 0.00 0.09 0.00 0.05 0.02 

26 

January 

2022 

111, 

112 
20 7 Postfrontal 0.00 0.00 0.37 0.00 0.05 0.00 0.05 0.35 

27 

January 

2022 

113, 

114 
18 4 Cold high pressure 0.28 0.00 0.00 0.01 0.00 0.01 0.00 0.00 

01 

February 

2022 

115 8 4 High pressure 1.10 0.00 0.00 0.02 0.03 0.02 0.00 0.00 

02 

February 

2022 

116 17 4 High pressure 0.72 0.00 0.00 0.02 0.01 0.02 0.00 0.02 
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03 

February 

2022 

117, 

118 
15 4 High pressure 1.16 0.00 0.00 0.03 0.00 0.04 0.00 0.01 

15 

February 

2022 

120, 

121 
34 7 

Postfrontal 

conditions, cold 

high pressure 
0.31 0.00 0.00 0.01 0.13 0.01 0.01 0.00 

16 

February 

2022 

122, 

123 
21 10 Cold high pressure 0.16 0.00 0.00 0.01 0.12 0.00 0.03 0.00 

19 

February 

2022 

124, 

125 
38 18 Weak postfrontal 0.04 0.00 0.00 0.00 0.11 0.00 0.04 0.00 

22 

February 

2022 

126, 

127 
25 20 

Prefrontal, high 

pressure 
1.73 0.00 0.00 0.05 0.07 0.04 0.00 0.00 

26 

February 

2022 

128, 

129 
16 14 Postfrontal 0.08 0.00 0.00 0.00 0.05 0.00 0.04 0.00 

Overall  345 141  0.20 0.00 0.00 0.01 0.08 0.01 0.03 0.00 

Mar 

02 March 

2022 
130 39 30 

Postfrontal, high 

pressure 
0.22 0.00 0.00 0.01 0.17 0.00 0.01 0.00 

03 March 

2022 

131, 

132 
71 53 Weak prefrontal 0.83 0.00 0.00 0.03 0.26 0.03 0.03 0.00 

04 March 

2022 

133, 

134 
42 29 Cold high pressure 1.51 0.00 0.00 0.06 0.05 0.05 0.01 0.00 

13 March 

2022 
138 8 2 

Postfrontal, CAO 

conditions 
0.11 0.00 0.00 0.00 0.59 0.00 0.08 0.00 

14 March 

2022 

139, 

140 
38 32 

Late postfrontal, 

cold high pressure; 

smoke plume 

sampled from a 

woodland fire 

0.06 0.00 0.01 0.00 0.06 0.00 0.04 0.01 

18 March 

2022 
141 14 12 Weak postfrontal 0.00 0.00 0.12 0.00 0.04 0.00 0.04 0.07 

26 March 

2022 

144, 

145 
29 15 

Postfrontal; 

sampled dust, 

smoke, and 

potentially pollen 

0.02 0.00 0.01 0.00 0.05 0.00 0.04 0.01 

28 March 

2022 
146 17 10 Postfrontal 0.07 0.00 0.00 0.00 0.06 0.00 0.04 0.00 

29 March 

2022 

147, 

148 
19 4 

Postfrontal, high 

pressure, CAO 

conditions 
0.13 0.00 0.04 0.00 0.15 0.00 0.05 0.02 

Overall  277 187  0.18 0.00 0.00 0.01 0.12 0.01 0.03 0.00 

May 
03 May 

2022 
149 15 10 

Weak prefrontal; 

presence of smoke 

potentially from 

New Mexico 

0.39 0.00 0.00 0.01 0.14 0.01 0.05 0.00 
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05 May 

2022 

150, 

151 
18 9 Postfrontal 0.02 0.00 0.00 0.00 0.05 0.00 0.03 0.00 

16 May 

2022 

153, 

154 
39 5 

Prefrontal to an 

approaching cold 

front yet also 

postfrontal to a 

departing band of 

precipitation 

0.29 0.00 0.00 0.01 0.31 0.01 0.02 0.00 

17 May 

2022 
155 37 2 Postfrontal 0.06 0.00 0.00 0.00 0.01 0.00 0.01 0.00 

20 May 

2022 
158 28 19 

Warm high 

pressure, southerly 

flow due to 

Bermuda high2; 

haze with potential 

sampling of 

bioaerosol 

2.24 0.00 0.00 0.08 0.06 0.06 0.00 0.00 

Overall  137 45  0.42 0.00 0.00 0.01 0.08 0.01 0.01 0.00 

Mar 

transit 

22 March 

2022 

142, 

143 
48 47 

High pressure, two 

days after a cold 

front and two days 

before another cold 

front 

0.45 0.00 0.00 0.02 0.10 0.01 0.05 0.00 

May 

transit 

18 May 

2022 

156, 

157 
67 23 

Postfrontal along 

East Coast, aircraft 

passed across the 

cold front on the 

way to Bermuda 

1.11 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

21 May 

2022 

159, 

160 
42 14 

Warm high 

pressure, 

anticyclonic flow 

around Bermuda 

high 

1.14 0.00 0.00 0.04 0.01 0.03 0.00 0.00 

31 May 

2022 
161 11 1 Postfrontal 0.00 0.00 0.20 0.00 0.02 0.00 0.02 0.20 

Overall  120 38  1.08 0.00 0.00 0.04 0.01 0.02 0.00 0.00 

Jun 

Bermuda 

02 June 

2022 

162, 

163 
4 1 Prefrontal 0.56 0.00 0.27 0.02 0.01 0.02 0.01 0.13 

03 June 

2022 
164 1 0 

Prefrontal, tropical 

system approaching 

from the southwest 
NaN NaN NaN NaN NaN NaN NaN NaN 

05 June 

2022 
165 29 24 

Could only fly in 

the morning due to 

approaching 

tropical cyclone 

(TC), TC departs 

06 June 2022. 

1.94 0.00 0.00 0.07 0.00 0.06 0.00 0.00 

07 June 

2022 
167 1 0 

High behind 

departing TC 
NaN NaN NaN NaN NaN NaN NaN NaN 

08 June 

2022 

168, 

169 
2 1 

High pressure 

behind TC, African 

dust known to be in 

domain 

0.00 0.18 5.94 0.00 1.07 0.00 1.08 1.96 
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10 June 

2022 
170 1 1 

High pressure, 

isolated 

thunderstorms, 

African dust known 

to be in domain 

2.28 0.00 0.00 0.06 0.00 0.01 0.00 0.00 

11 June 

2022 

172, 

173 
20 7 

High pressure, 

African dust known 

to be in domain 
0.89 0.00 0.00 0.03 0.19 0.03 0.01 0.00 

13 June 

2022 
174 25 17 

High pressure, 

African dust known 

to be in domain but 

sampled away from 

dust for contrast 

1.38 0.00 0.00 0.05 0.00 0.04 0.00 0.00 

Overall  83 51  1.34 0.00 0.00 0.05 0.01 0.04 0.00 0.00 

1Davis et al. (1997)  159 
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 160 

Figure S1. Bulk PILS Na+ mass concentrations from clear ensembles during flights experiencing 161 

(a) postfrontal conditions on 19 February 2022 (RFs 124 and 125) (b) prefrontal conditions on 162 

22 February 2022 (RFs 126 and 127), and (c) postfrontal conditions on 26 February 2022 (RFs 163 

128 and 129). NASA Langley Research Center (LaRC) and Bermuda are marked with red-edged 164 

and gold-edged stars, respectively. Normalized histograms in each panel show the distribution of 165 

bulk PILS Na+ mass concentrations for the date indicated since overlap among the colored dots 166 

can hide some from view. Grey arrows in each panel indicate the average magnitude and 167 

direction of winds at 950 hPa from MERRA-2 at 3-hour time resolution during periods relevant 168 

to each RF.  169 
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 170 

Figure S2. Same as Fig. S1 except for (a) postfrontal conditions on 02 March 2022 (RF 130), (b) 171 

weak prefrontal conditions on 03 March 2022 (RFs 131 and 132), and (c) cold high pressure on 172 

04 March 2022 (RFs 133 and 134).   173 
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 174 

Figure S3. Same as Fig. S1 except for (a) conditions between fronts on 16 May 2022 (RFs 153 175 

and 154), (b) postfrontal conditions on 17 May 2022 (RF 155), and (c) warm high pressure on 20 176 

May 2022 (RF 158).  177 
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 178 

Figure S4. Bulk PILS Ca2+ mass concentrations from clear ensembles during (a) December 179 

2021-February 2022, (b) March 2022, (c) March 2022 transit flights between LaRC (marked 180 

with a red-edged star) and Bermuda (marked with a golden-edged star), (d) May 2022, (e) May 181 

2022 transit flights between LaRC and Bermuda, and (f) the Bermuda field campaign in June 182 

2022. Normalized histograms in each panel show the distribution of bulk PILS Ca2+ mass 183 

concentrations for that specific category since overlap among the colored dots can hide some 184 

from view. Grey arrows indicate the average magnitude and direction of MERRA-2 winds at 950 185 

hPa for the month(s) relevant to each category.  186 
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 187 

Figure S5. Normalized histograms showing differences in bulk PILS Ca2+ mass concentration 188 

from clear ensembles occurring in prefrontal and/or high-pressure versus postfrontal conditions 189 

for December-February (top row), March (middle row), and May (bottom row). These categories 190 

are shown as they represent flights occurring in and around the East Coast, eliminating coastal 191 

versus open-ocean sampling as a confounding variable.  192 
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 193 

Figure S6. Notched box plots showing seasonal/categorical differences in mass concentrations 194 

from clear ensembles of (a) excess SO4
2- (ExSO4

2-), (b) excess NO3
- (ExNO3

-), and spectral 195 

markers for (c) oxygenated organics, m/z 44, and (d) methanesulfonic acid (MSA), m/z 79.   196 
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 197 

Figure S7. Same as Fig. S4, except for derived mass concentrations of excess acidic species.  198 
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 199 

Figure S8. Same as Fig. S5, except for mass concentrations of excess acidic species.  200 
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 201 

Figure S9. Same as Fig. S5, except for lost Cl- mass concentration.  202 
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 203 

Figure S10. Relationships between mass concentration of bulk PILS Na+ and lost Cl- colored by 204 

bulk PILS Ca2+ mass concentration for the (a) December-February, (b) March, (c) March transit, 205 

(d) May, (e) May transit, and (f) June Bermuda categories.  206 



 

54 

 

 207 

Figure S11. Same as Fig. S10, except colored by bulk PILS K+ mass concentration.  208 
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 209 

Figure S12. Notched box plots showing the sensitivity in actual and theoretical lost Cl- to 210 

accounting for Na+ from dust and various combustion processes during flights in (a) March near 211 

the East Coast and (b) during the June field campaign in Bermuda. Light blue boxes represent 212 

the actual Cl- displaced from sea salt particles based on derived mass concentrations of ssNa+, 213 

while light red boxes represent the theoretical Cl- that could have been displaced by the derived 214 

mass concentrations of excess acidic species. Combustion processes were assumed to not 215 

contribute to bulk PILS Na+ mass concentrations for the “Ignore Na+
comb” results represented by 216 

the pair of boxes farthest to the left in each panel. The remaining pairs of boxes are for the 217 

Na+:K+ ratios described in Table S3 used to derive actual and theoretical lost Cl-. Note that 218 

“Herb. agr. fire” above stands for “Herbaceous agricultural fire.” The solid red line in the center 219 

of each box indicates the median, box edges represent the 25th and 75th percentiles, and the lower 220 

and upper whiskers indicate the lower limit (first quartile – 1.5 × interquartile range) and upper 221 

limit (third quartile + 1.5 × interquartile range), respectively. The notches span the 95th 222 

confidence interval for the median. The horizontal dashed blue lines indicate the median bulk 223 

PILS Cl- mass concentration for each category.  224 
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 225 

Figure S13. Same as Fig. S4, except for %Cl- depletion.   226 
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