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Figure S1 Geographical location of the city of Rimini, where the sampling campaigns were carried out.
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Figure S2 T, RH and UV variations set for the accelerated ageing cycle. T gradient is £7°C/30 min, RH
+17°C/30min. UVA irradiance, when the lamp was switched on, was set at 4mW/cm?.
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Figure S3 SE image and X-ray map of specimen 5A showing the distribution of deposited PM on the
selected area.

Figure S4 Optical images of specimen 5A (taken as representative example) a) before ageing, and after b)
one, c) two, d) three weeks of ageing.
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Figure S5 Examples of rugosity patterns obtained by profilometric measurements on a) Blank and
specimens b) 2C, c) 12C, d) 15A.
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Figure S6 Loading plots obtained from matrix 2 showing PC1, PC2 and PC3.



Sampling AL* Aa* Ab* AE

o

n

2 -12.82 -9.94 -6.53 17.48
3 -14.02 -3.81 6.56 15.94
5 -7.36  -1.45 8.74 11.51
8 -2.86 -0.13 374 471
10 -20.40 -2.85 8.57 2231
12 -10.49 0.79 9.27 14.02

Table S1 Colour variations of individual representative specimens showing the variability of colour changes
after PM deposition.

(a) Colour change vs blank (b) Colour change vs specimens
specimens before PM with PM deposit before ageing
deposition and ageing

Sampling AL* Aa* Ab* AE AL* Aa* Ab* AE

o

n
Blank 0.01 1.41 1.76 2.56

2 -12.08 6.34 0.65 16.65 0.34 15.45 6.58 18.00
3 -15.64 450 8.07 1839 -0.42 7.20 3.36 8.17
5 -1745 451 796 1991 -8.15 7.45 -1.12 11.18
8 -22.70 -3.40 160 23.0 -200 -3.59 -2.06 20.42
10 -26.80 0.70 -2.60 26.9 -6.16 355 -11.16 1331
12 -247 -0.70 290 2490 -13.63 -1.58 -6.37 15.13

Table S2 Colour variations of representative specimens showing the variability of colour changes at the end
of the ageing process, with respect to the reference blank before PM deposition and ageing (a), and with
respect to the specimens immediately after PM deposition (b). Values reported are the average of the
variations of two specimens per sampling.



Specimen C N (0] Na Mg Al Si S Cl K Ca Ti Fe Cu Zn Sn Pb
(wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%)  (wt%)

Blank 4.8 0.9 87.0 21 4.7 0.5
£03 n.d. +0 nd. nd. nd. nd. nd nd nd nd nd nd 104 +01 +02 +01

2 104 13 293 2 0.9 1.0 2.7 0.4 6.3 0.5 5.8 0.1 1.2 35 1.0 1.3 1.8
+11 =00 =15 2 +00 01 +02 +01 00 +01 <£0.7 0.0 0.0 6 +0.1 0.6 +0.3

3 2 nd. 7.6 nd. 0.4 0.1 0.2 0.2 1.3 nd. 0.4 nd. 0.3 80 2.1 4.7 0.6
13 +0.0 +0.1 +00 +00 0.1 0.2 +0.1 +0.1 4 +0.0 0.2 +0.1

5 4 nd. 11.6 nd. 0.5 0.3 0.8 0.1 1.1 nd. 1.2 nd. 0.4 74 1.8 3.7 0.7
+4 +0.6 +0.1 0.2 +0.2 0.1 0.1 +0.2 +0.1 +2 +0.1 0.1 +0.1

10 6.0 nd. 14.4 nd. 0.5 0.3 0.4 1.9 0.1 1.5 nd. 0.6 67 1.3 3.2 0.6
+1.3 +1.1 +00 +01 +03 +24 2+2 +00 0.5 +0.1 +3 +0.1 0.2 +0.1

11 5.2 nd. 12.8 nd. 0.5 0.8 1.7 0.2 1.6 0.1 3.2 nd. 0.6 680 15 3.3 0.4
+1.3 +0.1 +0.1 00 00 00 0.0 00 0.2 +0.1 14 +01 0.2 +0.2

12 3.2 0.2 8.4 nd. 0.5 1.1 1.7 0.1 0.7 0.1 1.1 nd. 04 764 1.6 4.3 0.2
+0.1 0.2 1.2 +00 03 +04 00 02 00 0.3 +00 18 00 0.3 +0.3

15 4.2 nd. 9.4 nd. 0.5 0.3 0.8 0.1 2.3 nd. 1.4 nd. 04 742 1.7 3.8 0.9
+0.9 +0.0 +00 01 00 00 0.3 +0.2 +00 16 +0.1 0.2 +0.4

Table S3 EDS analyses carried out on 500x areas of selected specimens to identify the main elements present on the surface. As C can’t be accurately quantified
by EDS, these are indicative values. n.d. = not detected.



Specimen C N (0] Na Mg Al Si S cl K Ca Ti Fe Cu Zn Sn Pb
(Wwt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%)

Blank 5.9 2.2 81.7 2.5 4.5 3.3

i 03 n.d. i 03 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 108 fo1 103 P11

1 5 0.4 18 n.d 0.6 1.5 3.3 0.1 0.4 0.3 3.8 0.1 0.8 61.7 1.6 2.7 0.8

+6 +0.5 +3 e +0.2 +0.5 +1.0 +0.1 +0.1 +0.1 +1.0 +0.0 +0.3 +0.9 +0.2 +0.0 +0.0

2 3.0 0.5 11.6 0.2 0.1 0.2 1.1 0.2 0.1 74.8 1.9 43

n.d. n.d. n.d. n.d.

+0.6 +0.1 +0.8 +0.0 +0.0 +0.2 +0.1 +0.0 +0.0 +1.2 +0.0 +0.0 +2

3 nd 0.2 12.0 nd 0.3 0.1 0.2 nd 1.0 nd 0.4 nd 0.3 78.4 2.0 4.0 4.0

o +0.3 +0.5 o +0.2 +0.1 +0.0 o +0.0 o +0.1 o +0.1 +0.3 +0.2 +0.7 +0.7

4 2.5 n.d 15.6 n.d 0.3 nd 0.2 nd 4.1 0.1 0.5 nd 0.3 68.7 1.7 2.3 3.8

+0.7 o +0.2 h +0.0 o +0.1 o +0.2 +0.1 +0.0 o +0.1 +0.6 +0.4 +0.0 +0.3

5 4 n.d 15.4 n.d 0.5 0.5 1.0 0.1 1.1 0.1 1.6 0.1 0.7 68 1.8 3.5 2.0

+5 o +1.4 h +0.0 +0.0 +0.2 +0.0 +0.1 +0.0 +0.2 +0.1 +0.2 +8 +0.1 +0.1 +1.4

6 nd nd 17.2 n.d 0.6 0.5 1.2 0.2 1.3 0.1 2.2 0.1 0.7 70.6 1.5 3.4 0.5

e e +0.1 e +0.0 +0.1 +0.1 +0.0 +0.1 +0.1 +0.2 +0.1 +0.2 +1.0 +0.3 +0.0 +0.7

7 3 11.9 0.4 0.2 0.4 0.1 0.6 0.7 0.3 76 1.6 4.4 0.9
n.d. n.d. n.d. n.d.

+3 +1.2 +0.1 +0.1 +0.2 +0.1 +0.1 +0.2 +0.3 +4 +0.2 +0.4 +0.3

8 6.2 0.1 0.2 0.4 0.3 0.2 85 2.5 4.7 0.4

n.d. n.d. +0.9 n.d. n.d. +0.0 +0.1 n.d. +0.1 n.d. +0.1 n.d. +0.1 +1 +0.2 +0.1 +0.3

9 0.5 11 0.2 0.3 1.1 0.1 0.7 0.3 78 2.4 4.3 0.7
n.d. n.d. n.d. n.d. n.d.

+0.8 +2 +0.1 +0.2 +0.2 +0.0 +0.5 +0.2 +3 +0.2 +0.2 +0.8

10 4.7 nd 18.4 nd 0.4 0.4 1.2 0.1 2.0 0.1 2.4 0.1 0.8 63.3 1.7 2.7 1.8

+1.1 o +0.9 h +0.1 +0.2 +0.6 +0.1 +0.9 +0.0 +1.1 +0.1 +0.2 +0.2 +0.1 +0.2 +0.5

11 4.7 nd 17.6 n.d 0.5 0.8 1.7 0.1 1.3 0.2 3.7 0.1 0.6 62.2 1.9 2.9 1.7

+0.1 e +0.3 e +0.1 +0.1 +0.1 +0.1 +0.1 +0.0 +0.4 +0.0 +0.1 +0.7 +0.0 +0.1 +0.1

12 3.2 nd 11.8 n.d 0.3 1.0 1.7 0.1 0.7 0.1 1.3 n.d 0.4 73.6 1.6 3.7 0.6

+0.3 e +0.5 e +0.0 +0.1 +0.2 +0.0 +0.1 +0.0 +0.0 e +0.0 +0.7 +0.0 +0.0 +0.2

13 1.9 nd 9.6 n.d 0.3 0.8 1.3 0.1 0.6 0.1 1.1 0.1 0.4 76.4 2.3 4.2 1.0

+13 e +0.3 e +0.1 +0.2 +0.2 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +1.0 +0.0 +0.1 +0.8

14 2.6 10.2 0.2 0.2 0.5 0.6 0.5 0.3 78.1 2.3 4.2 0.2
n.d. n.d. n.d. n.d. n.d.

+0.0 +04 +0.1 +0.1 +0.2 +0.0 +0.2 +0.0 +0.2 +0.1 +0.1 +0.2

15 3.4 15 0.3 0.3 0.6 1.5 1.2 0.3 71 1.7 3.4 1.5
n.d. n.d. n.d. n.d. n.d.

+04 +3 +0.0 +0.1 +0.1 +0.0 +0.5 +0.2 +4 +0.0 +0.2 +0.2

Table S4 EDS analyses carried out on 500x areas of the aged specimens. n.d. = not detected.



Quadratic

Specimen Cu tot2 Sn tot2 Zn tot2 Mass Ios;s Roughness

(ng/cm?) (ng/cm?) (ng/cm?) (mg/cm?) (Ra) (um)
1 114 +6 0.1+0.2 0.8+0.4 0.25 +0.04 0.1
2 761 + 26 12.3+0.9 32+2 1.22 +0.06 0.5
3 189 +11 0.4+023 45+0.3 0.33+0.04 0.1
4 426 + 15 2.4+0.2 10.2+0.4 0.75 +£0.04 0.4
5 315+15 0.8+0.4 15.1+0.38 0.53 +0.07 0.1
6 464 + 24 1.6+05 8.8+0.6 0.73 £0.08 0.2
7 193 +38 0.2+0.2 1.7+0.2 0.29 +0.04 0.1
8 57+4 0.3+0.1 3.0+03 0.20 £0.04 0.1
9 222 +10 1.0+0.1 6.6 +0.4 0.48 +0.04 0.1
10 246 +9 2.4+0.2 8.2+03 0.56 £ 0.03 0.1
11 266 +11 1.4+0.2 7.1+03 0.51 +0.05 0.2
12 80+5 0.6 +0.1 18.6 +0.6 0.36 £ 0.04 0.1
13 44 +5 0.2+0.1 1.5+0.2 0.23 +0.04 0.1
14 91+6 0.4+0.2 3.1+0.3 0.29 £ 0.04 0.1
15 232 +10 1.6+0.1 7.0+0.3 0.53 +0.04 0.2

Table S5 Total Cu, Sn and Zn in the patinas, obtained by summing the fraction extracted in water and that
removed by pickling; mass loss and quadratic rugosity after pickling.



Samp:ling PM NOy Cl NOss SO, Na* T_avg Precipitation RH_avg Windrate  Waves h Mass
n avg avg loss
1 -0.138  -0.135 0.307 1.52 0438 11 1.393 -0.301 1.751 0.448 -0.141 -0.123
2 0.045 0.131 2.148 1.856 1.054 2.247 1.330 0.898 1.837 0.285 -0.066 0.236
3 -0.265 -0.301 0.442 0.792 0.173 0.465 1.376 -0.301 1.716 0.387 -0.143 -0.079
4 -0.22  -0.015 1.431 0.794 0.6 1.283 1.199 1.624 1.754 0.542 0.078 0.097
5 -0.124  -0.301 0.751 1.557 0.512 0.983 1.238 -0.301 1.811 0.282 -0.172 0.012
6 -0.087 0.143 0.903 1.827 0.578 1.18 1.26 -0.301 1.836 0.245 -0.208 0.091
7 -0.217 -0.301 0.481 1.296 0.335 0.761 1.306 -0.301 1.775 0.418 -0.1 -0.101
8 -0.265 0.021 0.438 0.45 -0.131 0.323 0.8 -0.301 1.861 0.271 -0.213 -0.156
9 -0.258  0.267 0.802 0.302 0.168 0.713 0.639 -0.301 1.71 0.255 -0.203 -0.007
10 -0.236 0.3 1.072 0.652 0.519 1.003 1.047 0.69 1.872 0.435 -0.032 0.024
11 -0.183  0.148 0.78 1.377 0.261 0.872 0.908 -0.301 1.885 0.201 -0.218 0.003
12 -0.206 0.077 056 1.22 0.351 0.537 0.978 -0.301 1.889 0.377 -0.133 -0.067
13 -0.254  0.059 0.564 1.06 0.122 0.527 1.111 -0.301 1.703 0.37 -0.229 -0.138
14 -0.275 0.009 0.529 0.633 0.254 0.527 0.963 -0.301 1.683 0.425 -0.161 -0.1
15 -0.247  0.035 0.811 0.924 0.138 0.78 0.908 -0.301 1.805 0.23 -0.169 0.013

Table S6 Matrix 1 used for PCA. All the values have undergone a log(0.5 + x) transformation.



Sam;:ling PM NO2 Ccl NOs=  SO.* Na* T_avg Precipitation RH_avg Windrate  Waves h Mass
n avg avg loss
1 -0.138 -0.135 0.307 1.52 0.438 1.1 1.393 -0.301 1.751 0.448 -0.141 -0.123
3 -0.265 -0.301 0.442 0.792 0.173 0.465 1.376 -0.301 1.716 0.387 -0.143 -0.079
4 -0.22  -0.015 1431 0.794 0.6 1.283 1.199 1.624 1.754 0.542 0.078 0.097
5 -0.124 -0.301 0.751 1.557 0.512 0.983 1.238 -0.301 1.811 0.282 -0.172 0.012
6 -0.087 0.143 0.903 1.827 0.578 1.18 1.26 -0.301 1.836 0.245 -0.208 0.091
7 -0.217 -0.301 0.481 1.296 0.335 0.761 1.306 -0.301 1.775 0.418 -0.1 -0.101
8 -0.265 0.021 0438 045 -0.131 0.323 0.8 -0.301 1.861 0.271 -0.213 -0.156
9 -0.258 0.267 0.802 0.302 0.168 0.713 0.639 -0.301 1.71 0.255 -0.203 -0.007
10 -0.236 0.3 1.072 0.652 0.519 1.003 1.047 0.69 1.872 0.435 -0.032 0.024
11 -0.183 0.148 0.78 1.377 0.261 0.872 0.908 -0.301 1.885 0.201 -0.218 0.003
12 -0.206 0.077 056 122 0.351 0.537 0.978 -0.301 1.889 0.377 -0.133 -0.067
13 -0.254 0.059 0.564 1.06 0.122 0.527 1111 -0.301 1.703 0.37 -0.229 -0.138
14 -0.275 0.009 0.529 0.633 0.254 0.527 0.963 -0.301 1.683 0.425 -0.161 -0.1
15 -0.247 0.035 0.811 0.924 0.138 0.78 0.908 -0.301 1.805 0.23 -0.169 0.013

Table S7 Matrix 2 used for PCA. All the values have undergone a log(0.5 + x) transformation.
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Samn'?,""g NOy CI NOsy SO '\I’La::
1 0135 0307 152 0438 -0.123
3 0301 0442 0792 0173 -0.079
4 -0015 1431 0794 06  0.097
5 0301 0751 1557 0512 0.012
6 0.143 0903 1.827 0578 0.091
7 0301 0481 129 0335 -0.101
8 0.021 0438 045 -0.131 -0.156
9 0.267 0.802 0302 0.168 -0.007
10 03 1072 0652 0519 0.024
11 0148 078 1377 0261 0.003
12 0077 056 122 0351 -0.067
13 0059 0564 106 0122 -0.138
14 0009 0529 0633 0254 -0.1
15 0035 0811 0924 0138 0.013

Table S8 Matrix 3 used for PCA and PLS. All the values have undergone a log(0.5 + x) transformation.
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