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Figure S1: Box-plots of relative humidity (RH) measured at the WFM summit and the downwind lodge 

site in the month of August 2017. Circular symbols are respective means.  



  

T
ab

le
 S

1
: 

A
n

al
y
ti

ca
l 

p
ar

am
et

er
s 

o
f 

cl
o
u
d
 w

at
er

 s
am

p
le

 f
ro

m
 b

y
p
as

s 
ch

an
n
el

 (
u
n
p
er

tu
rb

ed
) 

S
am

p
le

 

id
 

 

D
at

e 

(d
d
/m

m
/

y
y

) 

T
im

e 

(h
rs

) 

A
v
g
 

T
em

p
 

(o
C

) 

L
W

C
 

(g
 m

-3
) 

C
O

 

(p
p
b
v
) 

N
O

x
 

(p
p
b
v
) 

O
3

 

(p
p
b
v
) 

S
O

2
 

(p
p
b
v
) 

*
W

S
O

C
b
y
p
  

(µ
g

-C
 L

-1
) 

*
S

u
lf

at
e 

(µ
g

 L
-1

) 

*
O

x
al

at
e 

(µ
g

 L
-1

) 

*
A

b
s b

y
p
 

(A
.U

.)
 

C
W

1
 

1
8

/8
/1

7
 

0
5

0
0
-

0
8

0
0
 

1
4
.1

 
1
.2

3
 

1
1
9
.5

 
0
.5

3
 

3
1
.3

 
0
.0

3
0
 

7
7

 
2

9
.1

 
1

4
.7

 
0

.0
1

9
1
 

C
W

2
 

1
8

/8
/1

7
 

0
9

0
0
-

1
0

0
0
 

1
5
.5

 
1
.3

5
 

1
0
2
.0

 
0
.3

3
 

3
4
.0

 
0
.0

0
 

7
6

 
4

0
.7

 
1

4
.8

 
0

.0
2

0
5
 

C
W

3
 

1
3

/8
/1

7
 

0
5

0
0
-

0
8

0
0
 

9
.1

 
0
.6

2
 

1
0
3
.8

 
0
.1

8
 

3
4
.0

 
0
.0

2
5
 

5
0

 
1

1
.2

 
1

4
.4

 
0

.0
1

6
1
 

C
W

4
 

1
3

/8
/1

7
 

0
8

0
0
-

0
9
0
0
 

8
.4

 
0
.4

2
 

8
1
.0

 
0
.1

8
 

3
7
.0

 
0
.0

2
0
 

5
9

 
1

5
.9

 
1

4
.2

 
0

.0
2

7
0
 

C
W

5
 

1
2

/8
/1

7
 

0
5

0
0
-

0
8

0
0
 

1
2
.3

 
1
.1

2
 

1
1
4
.8

 
0
.2

8
 

4
1
.5

 
0
.0

1
5
 

1
6

7
 

1
4

9
.5

 
1

7
.7

 
0

.0
2

7
9
 

*
 M

ea
su

re
m

en
ts

 p
er

fo
rm

ed
 a

t 
U

M
B

C
 l

ab
 b

y
 a

er
o
so

li
zi

n
g
 b

u
lk

 c
lo

u
d
 w

at
er

 s
am

p
le

s.
 O

th
er

 m
ea

su
re

m
en

ts
 w

er
e
 p

er
fo

rm
ed

 a
t 

 W
F

M
 

d
u

ri
n
g

 c
lo

u
d

 w
at

er
 s

am
p
li

n
g

 



  

T
ab

le
 S

2
: 

M
ea

su
re

d
 p

ar
am

et
er

s 
o
f 

1
2

-h
o

u
r 

co
m

p
o
si

te
 c

lo
u
d
 w

at
er

 s
am

p
le

s 
b
y
 A

d
ir

o
n
d
ac

k
 L

ak
e 

S
u

rv
ey

 C
o
rp

o
ra

ti
o

n
 (

A
L

S
C

) 

E
q
u
iv

al
en

t 

S
am

p
le

 I
d

*
 

D
at

e 

(d
d

/m
m

/y
y

) 

T
im

e 

(h
rs

) 

N
et

 s
am

p
le

 

co
ll

ec
ti

o
n
 

ti
m

e 
(h

rs
) 

T
em

p
  

(o
C

) 

W
in

d
 

d
ir

ec
ti

o
n
 

p
H

 

N
H

4
  

(µ
g
 L

-1
) 

S
O

4
  

(µ
g

 L
-1

) 

N
O

3
  

(µ
g

 L
-1

) 

K
  

(µ
g

 L
-1

) 

T
O

C
  

(µ
g

-C
 L

-1
) 

C
W

1
 

1
8

/0
8
/2

0
1

7
 

6
:0

0
 

6
.0

9
 

1
5
.6

 
2
3
7

 
4
.7

9
3
 

8
8
7
.6

 
1

8
3

4
.9

 
1

4
5

6
.1

 
1

7
.3

 
4

6
5

3
.1

 

C
W

1
+

C
W

2
 

1
8

/0
8
/2

0
1

7
 

1
8

:0
0
 

7
.2

2
 

1
4
.0

 
2
5
5

 
5
.5

4
2
 

1
8
3
1
.0

 
2

4
9

1
.4

 
3

2
5

5
.8

 
5

2
.8

 
3

8
7

4
.1

 

C
W

3
 

1
3

/0
8
/2

0
1

7
 

6
:0

0
 

4
.6

0
 

8
.9

 
2
9
3

 
4
.9

6
9
 

9
2
.1

 
4

7
6

.1
 

3
0

1
.2

 
1

8
.6

 
2

3
1

9
.2

 

C
W

5
 

1
2

/0
8
/2

0
1

7
 

1
8

:0
0
 

1
0
.1

1
 

1
1
.2

 
2
5
8

 
4
.9

1
8
 

2
4
6
5
.3

 
4

1
2

4
.5

 
3

5
1

3
.9

 
6

8
.4

 
5

9
4

4
.4

 

1
2

/0
8
/2

0
1

7
 

6
:0

0
 

6
.1

6
 

1
3
.1

 
2
4
7

 
4
.1

3
5
 

1
5
4
1
.0

 
4

9
5

1
.2

 
3

1
6

3
.6

 
6

4
.4

 
6

5
6

2
.0

 
*
A

n
 e

q
u
iv

al
en

t 
sa

m
p

le
 i

d
 i

s 
p

ro
v
id

ed
 t

o
 t

h
es

e 
sa

m
p
le

s 
to

 e
as

e 
in

 u
n
d
er

st
an

d
in

g
, 

ev
en

 t
h
o
u
g
h
 t

h
es

e 
ar

e 
1

2
-h

o
u
r 

co
m

p
o

si
te

 s
am

p
le

s.
 



Text S1: Cloud water analysis 

The details of the cloud water samples, analytical results and other measurements (gases and 

meteorological) performed at WFM during the cloud water sampling are presented in Table S1. 

CW1, CW3 and CW5 were 3-hour composite samples, while CW2 and CW4 were 1-hour 

samples collected in the morning. Note the results in table S1 are from the measurements of 

PILS samples collected from the aerosolized cloud water samples. Therefore, even though the 

measurements are representatives of cloud water samples, they are not concentrations in the CW. 

Due to limited sample volume, we were unable to conduct comprehensive analysis of CW. Table 

S2 list the measurements performed by Adirondack Lake Survey Corporation (ALSC) on 12-

hour composite samples. The 12-hour composite samples were from 6:00 am to 6:00 pm and 

6:00 pm to 6:00 am (next day). Based on the sample collection times, equivalent identities are 

provided to 12-hr composite samples consistent with samples analyzed at UMBC (Table S1 and 

S2). The results in table S2 represent the actual concentrations of species in CW. Even though 

12-hr composite samples are not exact representation of samples analyzed at UMBC, they can 

still provide some qualitative inferences. For example, it can be seen in table S1 that in CW5, all 

measured species were significantly large, suggesting a much stronger anthropogenic influence 

on this cloud water sample. The observation is consistent with the results of equivalent CW5 

(6:00 am sample) listed in table S2 where the sulfate concentration and pH were significantly 

high and low respectively. Similarly, CW3 (Table S1) and equivalent CW3 (Table S2) are 

consistent with each other and appear to have least anthropogenic influence within the sample 

set. 

Figure S2 shows the trend of various species plotted for the month of August. Note here the 

PM2.5 was measured at the marble mountain lodge, which is located on WFM at 604 m a.s.l. 



PM2.5, NOy and O3 were correlated during the month (R2 = 0.271 – 0.670) suggesting their 

regional transportation. The PM2.5 data reveals a relatively highly polluted air mass arrived at 

WFM on August 11 (peak PM2.5 = 25 µg m-3), and on the next day early morning CW5 sample 

was collected (Table S1 and S2). The significantly large values of the species measured in CW5 

were likely due to that pollution event.  

Figure S2 Time series of NOx, NOy, O3 and PM2.5 (lodge) in the month of August. The yellow 

bands are when our cloud water samples were collected. Note CW1 and CW2 are combined in 

one band as the samples collected were close in time. Similarly, CW3 and CW4 are also 

combined in one band.  

  

     

Figure S3: Five year (2013-2017) hourly O3 measurements performed at the WFM summit and 

WFM lodge. WFM lodge is often downwind of the WFM summit (Lance et al., 2020).1 The 



strong relationship in trend between O3 data at both sites suggest that the air-parcel sampled at 

the lodge is likely processed at the summit (upwind). The data is available at the following link: 

http://atmoschem.asrc.cestm.albany.edu/~aqm/ 
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