
0.0

0.2

0.4

0.6

0.8 MSA-NaN
a+

N
O

- 2

O
-C

l-

N
a-

N
aC

l- 2

Leg I

Leg II

M
S

A
-

H
S

O
- 4

(a)

-100 -50 0 50 100
0.0

0.2

0.4

0.6

0.8

R
el

at
iv

e
 in

te
ns

ity

m/z

N
O

- 2

O
-C

l-

N
a-

N
aC

l- 2

M
S

A
-

H
S

O
- 4

N
a 2C

l+

C
a+K

+

M
g+

N
a+

C
a+
K

+

M
g+

N
a 2C

l+

0.0

0.2

0.4 MSA-Mg

R
el

at
iv

e 
in

te
n

si
ty

Leg I

Leg II

N
aC

l- 2

M
S

A
-

H
S

O
- 4

N
O

- 2

O
-

C
l- N

a-

N
a+

C
a+K

+

M
g+

N
a 2C

l+

(b)

-100 -50 0 50 100
0.0

0.2

0.4

m/z

N
aC

l- 2

M
S

A
-

H
S

O
- 4

N
O

- 2

O
-C

l- N
a-

N
a+

C
a+K

+
M

g
+

N
a 2C

l+

0.0

0.1

0.2

0.3

0.4 MSA-SO2-

4
(c)Leg I

N
O

- 2

R
e

la
tiv

e 
in

te
n

si
ty C

4
H

-

H
S

O
- 3

N
a

C
l- 2

H
S

O
- 4

M
S

A
-

C
2H

- 2

A
l+

F
e+

N
a

+

K
+

-100 -50 0 50 100
0.0

0.1

0.2

0.3

0.4 Leg II

 m/z

N
O

- 2

A
l+

F
e+

N
a

+

K
+

C
4
H

-

H
S

O
- 3

N
aC

l- 2

H
S

O
- 4

M
S

A
-

C
2H

- 2

0.0

0.1

0.2

0.3

0.4
MSA-K

C
N

O
-

O
H

-

N
O

- 2

C
4H

-

K
+Leg I

C
3H

+ 7

C
2H

+ 3

N
a+

M
S

A
-H

S
O

- 4

C
2H

- 2

C
2H

-

(d)

-100 -50 0 50 100
0.0

0.1

0.2

0.3 K
+Leg II

R
el

at
iv

e 
in

te
n

si
ty

m/z

C
N

O
-

O
H

-

N
O

- 2

C
4H

-

C
3H

+ 7

C
2H

+ 3

N
a+

M
S

A
-H

S
O

- 4

C
2H

- 2

C
2H

-

0.0

0.2

0.4

N
O

- 2

MSA-OCLeg I

R
el

at
iv

e 
in

te
n

si
ty

C
4H

-

C
5H

- 3

H
S

O
- 3

H
S

O
- 4

M
S

A
-

C
2
H

- 2

C
2H

-

C
a

O
H

+

C
3H

+ 7

C
3
H

+ 3
C

3H
+ 4

C
2
H

+ 3

-100 -50 0 50 100
0.0

0.2

0.4

N
O

- 2

(e)

Leg II

C
a

O
H

+

C
3H

+ 7

C
3H

+ 3
C

3H
+ 4

C
2
H

+ 3

C
4
H

-

C
5
H

- 3

H
S

O
- 3

H
S

O
- 4

m/z

M
S

A
-

C
2H

- 2

C
2
H

-

0.0

0.1

0.2

0.3
MSA-EC

C
a

O
H

+

C
3H

+ 3

C
3
H

+ 7

C
a

+

N
a

+

C
- 5

C
- 4

C
4H

-

N
O

- 2

C
2H

-
C

- 3

C
- 2

H
S

O
- 3

M
S

A
-

Leg I

R
e

la
tiv

e 
in

te
n

si
ty

H
S

O
- 4

(f)

-100 -50 0 50 100
0.0

0.2

 m/z

Leg II

N
a+ C

a
O

H
+

C
3
H

+ 3

C
3
H

+ 7

C
a

+

C
- 5

C
- 4

C
4
H

-

N
O

- 2

C
2
H

-
C

- 3

C
- 2

H
S

O
- 3

M
S

A
-

H
S

O
- 4

0.0

0.2

C
2
H

-

C
2
H

- 2

N
a 2

C
l+

MSA-NO-
x

(g)Leg I

C
aO

+

O
-

O
-C

l-

C
4
H

-

N
O

- 3

N
O

- 2

N
aC

l- 2

M
S

A
-

K
+

C
a+

/C
3
H

+ 4

N
a+

-100 -50 0 50 100
0.0

0.2

 m/z

N
a 2C

l+

Leg II

C
a

O
+

K
+

C
a

+
/C

3H
+ 4N
a+

C
l-C

4H
-

N
O

- 3

N
O

- 2

R
el

at
iv

e
 in

te
ns

ity

N
aC

l- 2

M
S

A
-

C
2H

-

C
2
H

- 2

Fig. 3 Average mass spectra of major MSA clusters during leg I and leg II. (a) MAS-Na, (b) 

MSA-Mg, (c) MSA-SO4
2-, (d) MSA-K, (e) MSA-OC, (f) MSA-EC, and (g) MSA-NOx
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