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Text S1. Positive Matrix Factorization (PMF) Analysis. 

The PMF version 5.0 (PMF 5.0) was applied to develop source apportionments of organic acids in 
rainfall events. Seventeen chemical components were used as the model inputs, including inorganic 
ions (Na+, NH4+, K+, Mg+, Ca2+, F-, Cl-, NO2-, Br-, NO3- and SO42-) and organic acids (formic, acetic, 
MSA, succinic, glutaric, oxalic acid).  

We ran the PMF model with 4−9 factors and changed the seed value from 1 to 40. Moreover, we 
examined the Q (robust) and Q (true) values as well as the number of scaled residuals beyond three 
standard deviations to select the optimal number of factors. The uncertainties of the PMF solutions 
for each test run were estimated using the analyses of displacement (DISP) and bootstrap (BS) [1, 2].  

The PMF analysis resulted in six interpretable factors, as shown in Figure S8. Factor 1 (F1) was dom-
inated by sodium (90.2%) and chloride (81.9%). Shanghai is a coastal city, and the sea breeze has a 
great impact on the rain. Therefore, F1 is referred to as “marine source” [3]. Factor 2 (F2) is charac-
terized by the dominance of nitrate (54.4%) and formic acid (85.6%), the source of formic acid is 
known to be photochemical reaction generation according to previous studies [4]. Thus, F2 is re-
ferred to here as “vehicle exhaust and secondary emission source”. Factor 3 (F3) is characterized by 
large contributions of ammonium (61.3%) and sulfate (66.6%). Which may be related to photochem-
ical reactions in the atmosphere [5]. F3 is defined as “secondary sulfate source”. Factor 4 (F4) is 
characterized by acetic acid (73.1%), which is an organic matter emitted by plants [6, 7]. Therefore, 
F4 is referred to as “biological emission source”. Factor 5 (F5) is dominated by potassium (59.2%), 
which is the main substance produced by biomass combustion [8]. Thus, F5 is referred to here as 
“biomass combustion source”. Factor 6 (F6) is dominated by calcium (80.9%), which is the main 
component of ground dust. Therefore, F6 is referred to here as “dust source” [9]. 
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Table S1. The rainfall events with corresponding ranges and mean of pH values. 

Rainfall Sequences Dates Ranges of pH values Means of pH Values 
1 August 2020 5.71—6.33 6.13 
2 August 2020 5.11—6.44 5.71 
3 August 2020 5.2—5.56 5.4 
4 August 2020 5.06—5.85 5.3 
5 August 2020 4.61—5.31 4.96 
6 August 2020 4.83—4.96 4.87 
7 August 2020 4.2—4.6 4.39 
8 September 2020 6.16—6.68 6.51 
9 September 2020 4.97—6.59 5.39 

10 September 2020 4.42—4.78 4.64 
11 September 2020 4.96—5.49 5.34 
12 September 2020 5.76—6.25 6.03 
13 September 2020 3.95—5.09 4.22 
14 September 2020 3.99—4.88 4.28 
15 September 2020 4.91—5.22 5.12 
16 September 2020 4.87—5.35 5.18 
17 September 2020 5.22—5.33 5.25 
18 September 2020 3.95—4.96 4.24 
19 September 2020 4.32—4.87 4.54 
20 September 2020 5.01—5.15 5.08 
21 September 2020 4.11—4.65 4.31 
22 September 2020 4.81—5.15 4.95 
23 September 2020 4.41—4.71 4.56 
24 September 2020 5.71—6.42 6.11 
25 September 2020 4.82—5.43 4.97 
26 September 2020 4.95—5.53 5.24 
27 October 2020 4.14—4.54 4.27 
28 October 2020 5.45—7.01 6.06 
29 October 2020 5.53—6.51 6.09 
30 November 2020 4.3—4.97 4.79 
31 November 2020 4.58—4.92 4.75 
32 November 2020 4.89—5.35 5.05 
33 November 2020 5.15—5.59 5.37 
34 November 2020 4.42—6.29 5.24 
35 November 2020 6.32—6.49 6.44 
36 November 2020 4.45—5.93 5 
37 November 2020 4.35—5.09 4.61 
38 December 2020 7.05—7.15 7.1 
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39 December 2020 6.76—6.94 6.79 
40 December 2020 6.32—7.52 7.14 
41 January 2021 4.84—7.37 5.74 
42 January 2021 4.4—5.79 4.76 
43 January 2021 7.01—7.29 7.13 
44 February 2021 4.76—5.36 5.01 
45 February 2021 4.56—6.42 5.37 
46 February 2021 4.49—5.09 4.61 
47 February 2021 4.59—5.49 5.08 
48 March 2021 4.4—4.85 4.62 
49 March 2021 4.63—5.36 5.02 
50 March 2021 6.89—7.26 7.1 
51 March 2021 7.19—7.26 7.23 
52 March 2021 6.89—7.22 7.02 
53 March 2021 5.39—6.7 5.83 
54 March 2021 4.23—6.36 4.57 
55 March 2021 4.27—5.81 4.64 
56 March 2021 4.61—6.66 5.03 
57 March 2021 4.64—6.62 5.19 
58 April 2021 6.11—7.02 6.59 
59 April 2021 5.04—6.82 5.69 
60 April 2021 5.28—5.33 5.29 
61 April 2021 4.91—5.48 5.29 
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Table S2. Correlation analysis of organic acids and inorganic ions. 

Note: ** represents “p < 0.01”, * represents “p < 0.05” 
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Figure S1. Map showing the location of the sampling site and its surrounding.
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Figure S2. Automatic volume-based sequential rain sampler  
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Figure S3. Ion balance between total cations (TZ+) and total anions (TZ−)
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Figure S4. The proportions of ion concentration in rainfall events change with rainfall. The cumu-
lative rainfall is taken as the abscissa and the total ion concentration as the ordinate. Each pie chart 
represents the concentration proportions of the corresponding cumulative rainfall.
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Figure S5. Concentration comparisons of inorganic ions and organic acids in early sequences of 
rainfall events and cloud water. (a) Concentration comparisons of inorganic ions in early sequences 
of rainfall events and cloud water. (b) Concentration comparisons of organic acids in early se-
quences of rainfall events and cloud water. The upper half-circle represents cloud water. The lower 
circle represents early sequences of rainfall events.
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Figure S6. Seasonal concentration variations of organic acids and inorganic ions in early sequences 
of rainfall events and cloud water. (a) Seasonal concentration variations of organic acids in cloud 
water. (b) Seasonal concentration variations of organic acids in early sequences of rainfall events. (c) 
Seasonal concentration variations of inorganic ions in cloud water. (d) Seasonal concentration vari-
ations of inorganic ions in early sequences of rainfall events. 
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